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In many cases, though not always, it fails to obtain Hammarsten’s 
pseudomucin!’ by applying his method to a viscous ovarian cyst fluid, 
yielding sometimes a product with much more nitrogen and sometimes 
a product with much less nitrogen (N content of the author’s, about 10%). 
To make clear how the difficulty occurs, the writer examined the homo- 
geneity of his own preparations according to Hammarsten from six cyst 
fluids and various fractions of those by electrophoretic analysis. One of the 
six preparations, Prep A, did not dissolve clearly in water so that the soluble 
was reprecipitated with alcohol for analysis—Prep. A’.?) And a second, 
Prep. D, was entirely insoluble. To itemize the results: 

1) The preparations (Preps. A’ and B-F) from the different cyst 
fluids had a nitrogen content varying from 7.9-13.4%. Preps. A-C and 
E-F showed different electrophoretic patterns but all revealed themselves 
to consist of at least two components. (In the case of Prep. A, its soluble 
part only was subjected to the electrophoretic examination.) 

2) Preps. A (its solution separated from the insoluble part), B—C and 
E-F were subjected to electrodialysis, whereby precipitation occurred (The 
precipitate from the solution of Prep. C did not reach beyond a trace). 
The substances carried down (a glucidamin) showed nearly concordant 
compositions (N 9.7-10.7%, hexosamine 28.0-30.3%) although the one 
from Prep. A with the highest N-content appeared somewhat contaminat- 
ed with a simple, non-glucidamin protein.*) Their N contents were in 
accord with those of Hammarsten’s pseudomucin-preparations. And two 
of the precipitates (Edp»,’s E and F), which were of sufficient quantity to 
examine electrophoretically, were found homogeneous. 





* Signifies substances obtainable by Hammarsten procedure, regardless of the nitrogen con- 
tent and physical properties. 
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3) The substances recovered from the electrodialyzed mother fluids 
(Ed,,)’s) diverged from one another in analyses. These and Prep. D 
(unelectrodialyzed) were divided by means of glacial acetic acid. The 
part that had dissolved was precipitated with ether—Sol,.. Of the products 
here, those from Ed,,;’s A and F proved almost homogeneous by electro- 
phoretic analysis while those from Ed,,;’s C and E were inhomogeneous. 
Those from Ed,,; B and Prep. D were not investigated because of lack of 
enough material in the former and because of least solubility in the latter. 
The first two and the fraction of Ed,,; B analyzed similar, nitrogen amount- 
ing to 14.5-14.6% and carbohydrate to less than 5%, which indicated 
them to be a simple, non-glucidamin protein. 

4) Of the glacial acetic acid-insoluble, some contained even 13.1% 
nitrogen and was remarkably biuret-positive but some contained only 6.2% 
nitrogen and was almost biuret-negative. Although the carbohydrate con- 
tent also varied enormously from one substance to another a free polysac- 
charide was suggested as a component peculiar to this fraction, and, there- 
fore, its isolation was tried, starting from the pseudomucin preparations 
(Preps. A-C and E-F). After removal of trichloroacetic acid-precipitable 
part, they were treated with glacial acetic acid. Preps. A (its water- 
soluble part) and B had none of trichloroacetic acid-non-precipitable com- 
ponents. The glacial acetic acid-insoluble (polysaccharide) of Preps. E 
and F resembled each other and that of Prep. C diverged from them quanti- 
tative-analytically, notwithstanding that all showed electrophoretical homo- 
geneity. The first two possessed Group B potency (anti-isohemoaggluti- 
nation) and were levorotatory ({a],——16.5 and —16.2° respectively in 
water), while the last one was Group A-active and dextrorotatory ([a], 
=-+18.8° in water), looking identical with the Group A substance from 
cyst fluids of Aminoff, Morgan and Watkins.*? 

To separate the water-soluble carbohydrate, the chloroform-amylal- 
cohol method of Sevag was also adapted, but the non-coagulable part in- 
volved much more nitrogen than expected for this kind of carbohydrate 
linked with a small amino acids grouping. 

5) Paper partition chromatography disclosed that the electrodialytic 
precipitate of Preps. E and F as well as the water-soluble polysaccharide 
separated from Preps. C, E and F contained glucosamine, chondrosamine, 
galactose and t-fucose as sugar components and that the glacial acetic 
acid-soluble and -insoluble subdivisions of the non-precipitable by electro- 
dialysis of Prep. A (its soluble part) involved glucosamine and chondrosamine 
respectively besides galactose and fucose. The polysaccharide from Prep. 
C (Group A substance) proved to further possess in the molecule aspartic 
and glutamic acid, serine, glycine, alanine, histidine, lysine, arginine, 
proline, valine, leucine or isoleucine, and cystine or cysteine (A spot of 
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cysteic acid was demonstrated), but not threonine, and that from Prep. E 
(Group B substance) all of those amino acids including threonine. 

In short, the above findings have furnished definite evidence that 
products obtainable by Hammarsten’s procedure from viscid cyst fluids are 
mostly mixtures of high-molecular compounds even when they contain 
nearly 10% nitrogen as the author’s. In addition, the writer mixed to- 
gether the pseudomucin preparations in such proportions that the mixtures 
might involve about 10% nitrogen. Those mixtures showed physical 
properties as Hammarsten described, whose preparations, hence, were 
possibly mixtures or, if not, homogeneous substances obtained by accident. 
Nevertheless, the writer retains the name ‘ pseudomucin’ to call the 
glucidamin that precipitates on electrodialysis from a solution of the 
specimens after Hammarsten, because of resembling composition and 
physical properties. 


EXPERIMENTAL WITH COMMENTS 
Materials 


6 specimens of pseudomucin were prepared by strictly following the 
original procedure of Hammarsten. 

Prep. A. Blood group of patient, O. Cyst fluid: diagnosis, cystoma 
ovarii miltiloc. pseudomucin. sin.; 5 l. altogether; pH 7.2; strongly viscid; in- 
volved flocculent particles and blood clots; acidification with HCl gave 
no jelly. From 4.51. of the fluid after removal of the solid matters were 
obtained 196 g. of a white powder. The specimen obtained was partially 
insoluble in water. . 

Prep. B. Blood group of patient, unassayed. Cyst fluid: diagnosis, 
cystoma ovarii multiloc. pseudomuc. dext.; the fluid from one of the loculi, which 
was orange-colored and ropy and of pH 7.8, amounted to 100cc. This 
was subjected to the preparation procedure. Yield 2.9g. The prepara- 
tion was Group A-active. 

Prep. C. Blood group of patient, A. Cyst fluid: diagnosis, cystoma 
ovarit pseudomuc. dext.; 1.491.; contained jellies. The whole fluid was 
percolated through a gauze and subjected to the preparation procedure, 
and 19.8 g. of a brown powder were given. The first-time-precipitate was 
partially insoluble in water. 

Prep. D. Blood group of patient, AB. Cyst fluid: diagnosis, 
cystoma ovarii multiloc. pseudomuc. sin.; 51. altogether; neutral; strongly 
viscid and somewhat turbid; contained scatterlingly blood clots and tissue 
fragments. 0.51. of the fluids mixture which had been freed from blood 
and tissue pieces, was taken for the preparation, and a yellowish powder 
weighing 1.6 g. was yielded. 
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Prep. E. Blood group of patient, B. Cyst fluid: diagnosis, cystoma 


ovarii multiloc. sin.; 0.41.; brownish yellow and strongly viscous. 


7.2 ¢. 


of a yellowish powder were yielded, which was Group B-active (anti- 
isohemoagglutinative). 

Prep. F. Blood group of patient, B. Cyst fluid: diagnosis, cystoma 
ovarii multiloc. pseudomucin. sin.; 0.291.; transparent, light yellow, viscous. 
Amount of a white powder given 5.0g. The product was Group B-active 
(anti-isohemoagglutinative). 

Of each of the preparations | g. was taken up in 50 cc. of water and 
the centrifuged supernatant fluids (Preps. B~-C and E-F were completely 


soluble. 


Of Prep. A about 2/5 was insoluble. 
all) were examined regarding precipitabilities. 


Prep. D was not soluble at 
The results are embodied 

















in Table I. 
TABLE I 
Properties of a Solution of Preps. A, B, C and E 
Test | Prep. At Prep.B | Prep. C Prep. E Prep. F 
pH 6.6 | 6.8 1.0 6.6 6.6 
Transparency markedly | Slightly opa- | transparent,| slightly opa-| opalescent 
opalescent lescent brown lescent 

Ppt. on addition of 2 | flocculent flocculent flocculent | flocculent | flocculent 
volumes of 95% al- 

cohol 

Saturation with Mg- | marked tur- | marked tur- | slight turbi-| marked tur-| marked tur- 
SO, and following | bidity, ppt. bidity, no dity, no ppt.) bidity, no _| bidity, ppt. 
boiling* causes ppt. ppt. 

Addition of the sat. | marked tur- | marked tur- | turbidity, marked tur-| marked tur- 
NaCl (an equal vol- | bidity, ppt. bidity, ppt. no ppt. bidity, no | bidity, ppt. 
ume) and HCl (up to ppt. 

12)* causes 

Addition of acetic | slight turbidi-| slight turbi- | faint turbi- | marked tur-| marked tur- 
acid to pH 4.6 caus- | ty,no ppt. _| dity, no ppt. | dity, no ppt.) bidity, no | bidity, no 
es | ppt. ppt. 
Addition of addi- | disappearance} disappearance| disappear- | disappear- | disappear- 
tional acetic acid | of turbidity of turbidity ance of tur-| ance of tur- | ance of tur- 
causes bidity bidity bidity 


* See Hammarsten.¥ 





t+ The substance was 


centrifuged supernatant was subjected to the tests. 





partially insoluble in water so that the 


Some of the fluids gave a precipitate by saturation with MgSO, and 





following boiling, and by half saturation of NaCl and following addition 
of HCl up to 1%, contrary to the description of Hammarsten (Hammarsten 
examined only three preparations, though). 

Analytical figures. They are embodied in Table II. For the 
analysis the water-soluble part of Prep. A was separated in a powder 
state by reprecipitating with alcohol followed by washing with ether and 
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Taste II 
Composition of the Pseudomucin Preparations 


Figures express percentages, 

















Analysis Prep. A’*| Prep. B Prep. C | Prep. Dt | Prep. E | Prep. F 
Nitrogen t 13.4 13.1 7.9 9.5 8.2 11.9 
Hexosamine§ 5.6 7.0 31.8 16.6 29.2 12.6 
Non-amino sugars as 
galactose 

Indole m, 5.3 7.0 29.8 16.0 27.9 12.5 
Orcinol m, 5.3 7.0 29.7 16.1 27.9 12.3 
Diphenylamine m, I 5.6 // // Ii 29.0 13.2 
AshT 0.7 Sa 1.0 1,4 0.4 1.2 











* The soluble portion of Prep. A reprecipitated. Insoluble in water. { Micro 
Kjeldahl. § Hamasato-Akakura method. // The developed colour possessed red shade 
which did not allow accurate colorimetry. 1 Pregl’s method without H,SO,. 


drying—Prep. A’. 

Chemical qualitative tests. All the preparations showed similar 
results: biuret and Molisch strongly positive, the direct as well as the in- 
direct Osaki-Turumi test positive, Neuberg-Saneyoshi (for hexuronic acid) 
negative, Rosenthaler (for methylpentose), Fehling and Hiyama (HCI- 
CH,;COOH test of protein)® positive, hydrolysable sulfur present, a trace 
of phosphorus detected. 

Electrophoretic analysis. Electrophoretic patterns in phosphate buffer 
of pH 7.8 (I 0.29) are given in Fig. 1. Ascending limbs to the left. 


Electrodialysis and Properties of the Fractions Obtained 
1. Electrodialysis 


Prep. A. 8g. of the substance were stirred up with 160 cc. of water 
for 8 hours and the insoluble part was centrifuged and discarded. The 
opalescent solution (140 cc.) was electrodialyzed in a Pauli apparatus (200 
volts) against changes of distilled water for 3 days. After the lapse of 8 
hours from the commencement a white jelly-like precipitate began to ap- 
pear. The deposit was separated by centrifugation soon after stopping 
electric current, washed with alcohol and with ether in sequence and dried. 
Yield 1.6 g.—Crude Ed,,, A. The clear supernatant was distilled in 
vacuo to about 30 cc. and precipitated with 4 volumes of 95% alcohol and 
a little NaCl and washed with alcohol and ether as above. 3.1 g. of a 
white powder were given—Ed,,; A. Next Crude Ed,,, A was purified 
by repetition of the procedure above:—It was agitated with 100 cc. of 
water, distilled once, and after rejecting the insoluble part, carried down 
by 2 days’ electrodialysis. The precipitate was separated and washed 
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(F) 





Anode Cathode 


Fig. 1. Electrophoretic patterns of Preps. A’, B,C, E and F in phosphate buffer 
(marked with a symbol corresponding to the preparations). (A’) Since Prep. A’ still con- 
tained a minute insoluble part, 50 mg. of it were taken up in 4 cc. of the buffer solution 
and the centrifuged supernatant was examined in a Tiselius apparatus; temperature 
12°C; current 20ma. Exposure 45 minutes after starting current. (B) 1% solution; 
temperature 11°C; current 24 ma; exposure 45 minutes after starting current. (C) 1% 
solution; temperature 11°C, current 18 ma; exposure 60 minutes after starting current. 
(E) 1% solution; temperature 12°C; 20 ma; exposure 60 minutes after starting current. 
(F) 1% solution; temperature 12°C; 21 ma; exposure 45 minutes after starting current. 


similar to above. 155mg. was the amount of a white powder given— 
Ed,» A. From the mother fluid here was recovered 0.6 g. of substance. 
Prep. B. 0.45 g. of the substance in 50 cc. of water was subjected to 
electrodialysis. Precipitation began in 3 hours. After 48 hours from the 
commencement the most part of the clear supernatant fluid was decanted 
out and replaced with water, and electrodialysis was continued furtheron 
for 24 hours. Replacement of the supernatant with water with following 
electrodialysis was conducted three more times and then the precipitate 
was centrifuged, washed with alcohol and ether and dried in a vacuum 
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desiccator—Ed,, B. Crop 36 mg. 

The supernatant fluids (160 cc. in total) were distilled in vacuo to 
about 5 cc. and precipitated with abs. alcohol and a little NaCl. Washed 
and dried as above. A white powder amounting to 210mg. was the 
product—Ed,,; B. 

Prep. C. 1.1 g. of the substance were dissolved in 100 cc. of water 
and the transparent brown solution was electrodialyzed for 3 days. Only 
a trace of a dark brown precipitate came out. The filtrate was distilled in 
vacuo to about 1/10 the volume and precipitated with 4 volumes of abs. 
alcohol and a little NaCl. The deposit here was centrifuged, washed and 
dried as above—a white powder with brown shade, 0.5 g. (Ed,.; C). The 
fluids from the anode compartment were distilled together in vacuo to 
about 5 cc. and to the thick dark-brown condensate were added 40 cc. of 
a mixture of abs. alcohol and ether (1: 1 by volume). The deep brown 
deposit, when dried, amounted only to 80mg. The mother fluid was 
strongly colored. Similarly treated, the fluids from the cathode compart- 
ment gave a merest trace of precipitate. 

Prep. D. It contained no water-soluble part as already described. 

Preps. Eand F. 1.2 and 1.1 g. respectively of these preparations were 
taken up in 100 cc. of water. It took a whole day of electrodialysis for the 
complete precipitation. Replacement of the supernatant fluid with water 
was repeated 4 times as in the case of Prep. B. The duration of electro- 
dialysis extended over three days. Ed, E (0.4 g.), Eds, E (0.52 g.), 
Edpp: F (0.2 g.) and Ed, F (0.61 g.) were obtained in a similar manner 
as the corresponding products above. They were a non-colored powder. 
The fluids from the anode and cathode compartments gave no more than 
a trace of substance precipitable by the alcohol-ether mixture. 


2. Properties of the substances precipitated by 
electrodialysis 


Solubilities. The products dissolved slowly in cold water and 0.01 
N hydrochloric acid and somewhat quickly in hot water, giving a ropy, 
opalescent solution in all cases, and quickly in 0.01 N NaOH, giving an 
almost transparent solution. When acetic acid is added to the solutions 
in plain water, cloudiness increased to the utmost at pH 4.6, but no pre- 
cipitation occurred. Kneading about 5 mg. of them with 1 drop of water 
followed by addition of glacial acetic acid produced a vitreus jelly, whereas 
the substances dissolved scarcely in glacial acetic acid when this solvent 
was added immediately to the powders. Turbidity of the neutral watery 
solutions was intensified by boiling after saturation with MgSO, as well as 
by addition of HCl up to 1% after half saturation with NaCl. In neither 
case precipitation happened. The behaviours above of the present sub- 
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stances well resemble those of Hammarsten’s preparations, 

Chemical qualitative tests. The Ed, ’s A, B, E and F (Ed, C 
could not be assayed because of too small a quantity) were similar qualita- 
tively. Biuret, Molisch, Osaki-Turumi (the direct and the indirect), Ro- 
senthaler (for methylpentose) and Hiyama reaction, all positive. 

Electrophoretic analysis. Ed,,,’s A, B and C could not be examined 
for shortage of material. The electrophoretic patterns of Edpp,’s E and F 
(Fig. 2) demonstrated only one component which indicated that these 
Ed,pt’s were a homogeneous glucidamin (Cf. the composition). 





(F) 





Anode Cathode 





Fig. 2. Electrophoretic patterns of a 1% solution of the precipitates on electro- 
dialysis of Preps. E and F in phosphate buffer, pH 7.8, 1=0.29 (marked with a symbol 
corresponding to the pseudomucin preparations). Ascending limbs to the left. (E) tem- 
perature 20°C; current 19 ma, exposure | hr. 19 min. and 20 sec. after starting current; 
mobility 3.96 cm?+sec~1+volt-1+1C5, (F) temperature 20°C; current 19 ma; exposure 
1 hr. and 40 min. after starting current; mobility 3.93 cm?«sec~1+volt-1+1C5,. Bound- 
aries are either symmetrical or almost symmetrical in these preparations. 


Serological assay. Ed,,:’s E and F were found Group B-active (anti- 
isohemoagglutinative) at a dilution of |: 8,000,000 by our usual procedure. 
Other Ed,,,’s were not tested. 

Quantitative composition and optical rotation (Table III). Ed, ,’s A 
and B analyzed different from Ed,,.’s E and F. The former Ed,,,’s had 
a somewhat higher value of N than the latter and gave too cloudy a solu- 
tion to admit light enough for rotation measurement. It appears that 
Ed,» B was contaminated a little by an ordinary simple protein (See 
below) and Ed,,, A still more. The equivalent ratios of hexosamine to 
non-amino sugars did not markedly diverge from one specimen to another. 

Paper partition chromatography. 50mg. each of Ed,’s E and F 
were heated, under reflux, with | N H,SO, in a boiling water-bath for 6 
hours, then diluted twice, freed from excess sulfuric acid with baryta and 
condensed to 0.5 cc. in turn, and 0.02 cc. of the condensates was put on 
the paper. The chromatograms (Fig. 4) showed the spots corresponding 
to chondrosamine, glucosamine, galactose and fucose. 
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TaBLe III 
Composition and Optical Rotation of the Precipitates by Electrodialysis 
(Edppt’s) 
Edppt A | Edppt B | Edppt E | Edppt F 
Baga Composition “2. 
Figures express percentages. 
Nitrogen* 10.7 10.1 9.7 9.7 
Hexosaminet 25.0 28.0 30.3 30.0 
Acetyl 7.8 7.7 
Non-amino sugars as 
galactose 
Indole m. 15.2 20.0 21.5 22.0 
Orcinol m, 15,0 21.0 22.5 21.5 
Diphenylamine m, I 25.3 36.0 42.5 41.8 
Ash 0.03 0.0 0.0 0.1 

















Optical rotation in water 








| | | —0.26x100 | ~0.3x 100 
| | | —050x1 | 0575x1 
+ | 
[¢]p | t | § | =—52.0°// | = —52.2°// 
| | | (isc) | (20°C) 


* Micro Kjeldahl method. + Hamasato-Akakura method. {Could not be measured 
due to lack of material. § Even an 0.1% solution in 0.01 N NaOH did not transmit enough 
light (the length of the tube, 1dm.). // A solution in 0.01 N NaOH was applied for the 


measurement. 


3. Properties of the substances recovered from the mother 
fluids 


Their analyses are embodied in Table IV. 


TABLE IV 


Composition of the Substances (Edgo\’s) Recovered from the Mother 
Fluids after Electrodialysis 


Figures express percentages. 

















Analysis EdyoiA | EdsoiB | EdsotC | EdsoiE | Eso F 
Nitrogen* 14.1 14.0 | tin i) 
Hexosaminet 2.6 $2 | 28.1 19.3 | 4.8 
Non-amino sugars | 
as galactose 

Indole m, 2.2 4.3 26.9 31.3 | 6.4 
Orcinol m, 2.4 4.5 | 27.0 30.4 6.4 
Diphenylamine m, I 4.7 5.4 | t t t 
Ash 0.3 0.1 0.3 0.1 0.2 








* Micro Kjeldahl method. + Hamasato-Akakura method. {The colour developed 
was tinged red so that colorimetry against the standard was not allowed. 
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Subdivision by means of Glacial Acetic Acid of the Fractions 
Unprecipitated from Water on Electrodialysis above and 
of Prep. D 


1. Fractionation 


Ed,,.;’s A-C and E-F and Prep. D (Regarding the amounts taken, see 
Table V) were each kneaded with as little water as only sufficient to make 
a paste and after addition of 10 volumes of 80% acetic acid, shaken for 
30 minutes. The centrifuged supernatant was set aside. The centrifugate 
was treated again with water and 10 volumes of the glacial acetic acid 
(98%) in a similar manner. The latter operation was carried out twice 
more, when almost no soluble substance was found left (Addition of ether 
to the final centrifuged-supernatant hardly caused turbidity). The final 
centrifugate was washed with abs. alcohol until a renewed washing re- 
mained neutral. It was further washed with ether and dried. The 
products from Ed,,;’s A-B and Prep. D were insoluble in water. Those 
from Ed,,;’s C, E and F were agitated in 3 cc. of water and centrifuged. 
The supernatant fluids were precipitated with 5 volumes of an alcohol- 
ether (1: 1 by volume) mixture and after washing with ether, dried. 

The supernatant fluids after the first-time-treatment with glacial 
acetic acid (about 10 cc.) were precipitated by the aid of 3 volumes of 
ether, centrifuged (The supernatant here were opalescent, but addition of 


ABLE: 


Yield of the Products after Fractioning with Glacial Acetic Acid of 
Edgoi’s and Prep. D 


Figures express the amounts in grams. 





| | 
| | 
Amount taken for frac- | 

tionation 05 | 0.15 


Material and fraction Edgo! A Edsol B | Edgoi C Prep. D Edsol E | Edsol F 





0.5 0.5 0.5 0.5 


The recovered from the 
first-time-centrif.-super- 
natant (Solac) / 


0.21 


The portion insoluble in 
glacial acetic acid and 0.18* | 0,065* | 
in water (Insgc-Insaq) 


| 
| 
| 
| 
0.07 | 0.13 0.15 0.1 03 
| 0.3t 0.2t 0.3t 0.1t 
The portion insoluble in 


glacial acetic acid but | 
soluble in water (Insec-| °° | %9 | 0.052¢ | 0.0 0.07§ | 0.03 


* Biuret distinctly positive. t+ Mixture of protein and carbohydrate (biuret slightly 
positive). + Crude carbohydrate (biuret slightly positive). § Crude carbohydrate (biuret 
faintly positive). *, ¢, f, § All gave strong Molisch reaction. Table VIII shows the analy- 


tical figures of these products. 
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NaCl and of sodium acetate gave no flakes) and washed exhaustively with 
abs. alcohol and ether. 

The amounts of the materials taken and the fractions given are re- 
corded in Table V. 


2. Properties of the fractions after the glacial acetic acid- 
treatment 


Sequels of qualitative and quantitative analyses are illustrated in 
Tables VI-VIII. Electrophoretic analysis was processed on the glacial 


TABLE VI 
Qualitative Tests of the Glacial Acetic Acid-soluble Fractions 
(Solgc’s) in Table V 
—: negative, x+:faintly positive, +: slightly positive, ++: markedly positive, 
Ht: strongly positive. 


























mais Edso} A- | Edsoi B- | EdsoiC- | Prep. D- | Edo E- | Edgot F- 
Solac Solac Solac | Solac Solac Solac 

Biuret Hh oa +4 HL | +4 | +H 
Molisch 4 | + 4 | ue rm | 4 
Osaki-Turumi | 

Direct + + | + | + | + + 

Indirect + + +4 + rte ea 
Rosenthaler (for me- 
thylpentose) + | + + + + | + 
Fehling + + a3 Ps fi a 
Precipitation by ° | 
MgSO,* Ht ee = # 
Precipitation by | | 
NaCl and HC]* Hh H+ = | oi Ht 
Solubility in HzO Gave a turbid solution.| Transpar- Entirely (Gave a turbid solution. 

Asmall part remained | ently so- | insoluble |A small part remained 
undissolved luble | undissolved 
Solubility in 0.01 N |Gave an opalescent | Transpar-|A small part} Gave an opalescent 
NaQH solution ently so- |remained un-| solution 
luble dissolved 











* Cf. Table I and Hammarsten.Y 


acetic acid-soluble fractions (Sol,,’s) from Ed,,.)’s A, C, E and F, of which 
the first and last ones only proved nearly homogeneous (Fig. 3). The 
small amount of the one from Ed,,; B did not allow this analysis. And 
the one from Prep. D did not dissolve in the buffer solution. The glacial 
acetic acid-soluble (Sol,,) and -insoluble (Ims,-) of Ed,., A were further 
examined as regards the sugar components by paper chromatography 
(See Figs. 4h and 4i). 120 and 60mg. respectively of these subdivisions 
were hydrolyzed and then removed from excess H,SO, as above and 0.15 
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TABLE VII 
Analyses of Glacial Acetic Acid-soluble Fractions (Sol,,’s) in 
Table V 
Figures express percentages. 
, | Edsot A- | Edso1 B- | Edsoi F- | Edgoi C- | Prep. D- | Edso1 E- 
Analyse | Solact | Solac Solac Solac§ Solac// Solac§ 
Nitrogen* 145° | 146 14.6 8.7 11.7 9.1 
Hexosaminet 1.5 1.4 1.5 
Non-amino sugars 
as galactose 
Indole m 2.0 2.0 2.0 
Orcinol] m. y | 2.0 2.0 
Ash 4.8 2.4 5.0 29 2.0 ie 




















* Micro Kjeldahl method. + Hamasato-Akakura method. {Contained a trace of a 
water-insoluble contaminant. § An inhomogeneous substance. It was probably a mixture 
of carbohydrate and the ordinary simple protein, judging from the low nitrogen content and 
from the fact that electrophoresis showed two components. // Insoluble in water. On fur- 
ther purification by 4 repetitions of removing the remaining part insoluble in conc. acetic 
acid and reprecipitation, a product with 13.2% N and 6.6% non-amino sugars as galactose 
































(orcinol method) was given. fuc 
TaBLeE VIII 
° ° eye ° ° el 
Analyses of Glacial Acetic Acid-insoluble Fractions (Insg-’s) which are * 
Marked with *, f, ¢ or § in Table V 
Cal 
Solaq and Insagq signify subdivisions soluble and insoluble respectively in water. ; 
Figures express percentages. e. 
; ' . : . No 
< re fe) hed ' Aw ~ ' al ' - ' i ' tes 
Analysis 33 | 32 | sae \335 ay Se 325337332 r 
SE | BE |SEE BSS ES BSS SR ESS ES ~ 
_. IC 
Nitrogen* 13.1 | 13.0 89 | 66| 65 | 59 | 62! 74 | 6.4 We 
Hexosaminct 8.0 | 105 | 31.4 | 28.7 26.3 | 25.5 ; 
| 
Non-amino sugars 
as galactose Pre 
Indole m, | 28.8 | 27.1 28.3 | 27.6 (H 
Orcino] m, 8.2 10.3 | 29.1 | 27.6 28.6 . 272 : 
Diphenylamine m. I}, 30.8 | 35.7 37.8 | 39.2 me 
Ash 1.0 1.2 40 | 22 | 23 | 30) 21] 14] 30 mu 
* Micro Kjeldahl method. + Hamasato-Akakura method. f{ Insoluble in water. § By - 
3 repetitions of the glacial acetic acid treatment after removal of the insoluble in 0.1 N the 
NaOH (100 mg. of the substance were taken up in 4cc. of the alkali and centrifuged) the 
was given a biuret-negative product with 5.2% N and 30.0% non-amino sugars as galactose Th 
(orcinol method). This product was insoluble in water even when NaOH was added to 
pH 8.0. 


and 0.04 cc. were taken from the condensates (each 0.5 cc.) for effecting 
the run. The former was proved to contain glucosamine, galactose and 
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(A) 








\ (F) 


Anode Cathode 


Fig. 3. Electrophoretic patterns of the glacial acetic acid-soluble fraction of 
Edsol’s A and F (Edgol A-Solac and Edsoj F-Solac) in phosphate buffer, pH 7.8, I=0.29. 
Ascending limbs to the left. The patterns are marked with a symbol corresponding to 
the pseudomucin preparations wherefrom the substances were separated. (A) 50mg. of 
Edso} A-Solac were taken up in 4 cc. of the buffer and the merest trace of the insoluble 
part discarded ; temperature 14°C, current 21 ma; exposure 45 minutes after starting 
current. (F) 1% solution; temperature 13°C; current 22 ma; exposure 45 minutes after 
starting current. 


fucose and the latter to contain chondrosamine, galactose and fucose. 

Judging from the compositions (Table VII), those practically homo- 
geneous, glacial acetic acid-soluble fractions (and probably also that from 
Ed,.1 B) were a simple protein involving a minute quantity of bound 
carbohydrate, whereas the glacial acetic acid-insoluble were mixtures of 
a carbohydrate and a simple carbohydrate-poor protein (Comp. Table V 
Notes, and Tables VI-VIII). Sol,.’s of Ed,,;’s B and F were serologically 
tested with the results showing both Group-inactive. It was also tried, as 
will be described below, to separate the water-soluble free-carbohydrate 
(polysaccharide), by taking advantage of trichloroacetic and glacial acetic 
acid. 

To particularly mention here, the water-soluble part of Prep. A, and 
Prep. B itself appeared to be devoid of free water-soluble polysaccharide 
(Hereby a carbohydrate linked with a minor amino acids grouping is 
meant) as a component, because their Ed, was the glucidamin (pseudo- 
mucin in the sense of the writer) admixed with a small amount of the 
carbohydrate-poor simple protein on one hand and, on the other, of Ed,gi, 
the glacial acetic acid-soluble was the non-glucidamin simple protein and 
the glacial acetic acid-insoluble was simultaneously insoluble in water. 
This was substantiated by the experiment below. 


Separation of the Free Carbohydrate (water-soluble) 
1. Fractionation process 


A 0.5-5.0 g. lot of Prep. A (its water-soluble part), B, C, E and F was 
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Fig. 4. Paper partition chromatograms (ascending) of a hydrolysate of the 
fractions of the pseudomucin preparations. Solvent micture n-butylacetate-acetic acid- 
butanol-methanol-water (3:2:2:1:1); developer aniline-phthalic acid mixture in 
butanol saturated with water (Partridge) ; duration of test 19 hrs.; solvent fronts run 45 
cm.; temperature 29-30°C. 

a-d: standards; e: tragacantha powder II Cesar and Loretz; f and g: the 
electrodialytic precipitate (Edppt) of Preps. Eand F; h: the glacial acetic acid-soluble 
fraction of the substance recovered from the mother fluid after electrodialysis of 
Prep. A free from the insoluble part (Edsoj A-Solac); i: the glacial acetic acid-in- 
soluble fraction separated from the foregoing (Edgo1 A-Insac);_j, k and 1: the water- 
soluble polysacoharide specimens from Preps. C, E and F. 

1: chondrosamine sulfate, 2: glucosamine sulfate, 3: galacturonic acid, 
4: glucuronic acid, 5: galactose, 6: mannose, 7: arabinose, 8: xylose, 
9: rhamnose, 10: L-fucose (Rf 0.36). 

Traganth was hydrolyzed and examined as the pseudomucin-fractions. The 
uronic acid in it was hereby identified with galacturonic acid. 


agitated with 10 volumes of 5% trichloroacetic acid and the insoluble 
part centrifuged off. The supernatant was exhausted with three changes 
(equal in volume to the solution) of ether (The solution became neutral) 
and distilled in vacuo to a syrup and then 10 volumes of 90% acetic acid 
were added. The centrifuged precipitate was subjected four times in 
succession to kneading with a little water and agitation with 10 volumes 
of the glacial acetic acid (98%), and finally dried, after washing with abs. 
alcohol and ether. The powder obtained was taken up in water (2 cc. 
water for 100 mg. substance), centrifuged to remove the trace of insoluble 
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TABLE IX 
Yield of the Carbohydrate (water-soluble) Preparations 
Material started with 

Prep. A* | Prep. B* Prep. C Prep. E Prep. F 
Material taken (g.) 0.5 0.5 3 3 5 
Volume of 5% trichloro- 
acetic acid used (cc.) 5 : ” ” ea 
Volume of 90% acetic 
acid used each time (cc.) ad " set 
Number of times of treat- 
ment with 98% acetic 3 3 5 
acid 
The portion insoluble in 
conc, acetic acid (g.) 0.24 0.28 sonal 
Yield of carbohydrate (g.) 0.0 0.0 0.19 0.21 0.12 

















* Contained none soluble in 5% trichloroacetic acid. 


TABLE | = 


Composition and Optical Rotation (in Water) of the Carbohydrate 
(water-soluble) Preparations 









































| | Che | Chg | Chr | Che | Che | Chr 
) 
Composition 
: In equivalents per 
; Analysis | In per cent | equivalent weight 
f - , 
Nitrogen* | 4.7 * 49 5.3 15 | 21 | 24 
- Hexosaminef | 40.2 30.4 29.4 1.0 if:.;./48 
Acetyl | 9.6 7.9 7.2 1.0 1.1 1. 
? Non-amino sugars | 
, as galactose 
Indole m. 30.9 45.9 41.9 0.8 1.5 1.4 
Orcinol m, 30.5 45.3 41.2 0.8 1.5 1.4 
4 . ° 
Diphenylamine 
m. I 30.9 46.5 43.2 0.8 Mir ts 
Iodine use as 
6.4 4.7 4.5 | 
uble glucoset 
nges Ash 1.0 1.7 2.1 | | 
) 
tral) Optical rotation 
acid : » 
3 in | -+0.06 x 100 —0.07x 100 | —0.06x 100 
| fe] | ~ 032x1 0425x1 | ~037x1 
a | 
— ° = +18.8° =-165° | =—16.2° 
abs. (15°C) (13°C) | (15°C) 
2 cc. 


ubl * Micro Kjeldahl. + Hamasato-Akakura method. t+ Macleod-Robison method. 
upie 
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impurities. The centrifugate and the tube-wall were washed with a little 
water and centrifuged. The supernatant fluids (=the solution and wash- 
ing) were precipitated with 3 volumes of an abs. alcohol-ether (1:1 by 
volume) mixture and after centrifugation, washed with abs. alcohol and 
ether. The products from Preps. C, E and F will be referred to as Che; 
Chg and Chr respectively. Preps. A and B had no part soluble in 5% 
trichloroacetic acid. As to the details in each run of the procedure, see 
Table IX. 

Remark. To the same end Sevag method (repeating chloroform- 
amylalcohol treatment for removal of proteins) was also applied, but some 
of the products had a high nitrogen content (13.5, 10.6 and 12.6% N 
respectively in those from Preps. A, B and F), and even those with a com- 
paratively low nitrogen content (6.4 and 7.1% N respectively in those from 
Preps. C and E) still gave the positive biuret reaction. 


2) Properties of the carbohydrate (water-soluble) specimens 


Chemical assay. The products were biuret-negative exclusive of Chr 
which showed but faint reaction. All gave like sequels in the following 
assays. Molisch strongly positive; Osaki-Turumi test: the direct slightly 
positive, the indirect markedly positive; Rosenthaler (for methylpentose) 
slightly positive; arginine and hydrolysable sulfur detected; phosphorus 
absent. 

Blood group activity. Chg inhibited isoagglutination of A erythrocytes 
at a dilution of 1: 192,000 and Chg and Chr that of B erythrocytes at a 
dilution of 1: 200,000. 

- Quantitative-analytical figures and optical rotations. See Table X. 

Electrophoretic analysis. Che and Chg proved homogeneous but 
Cp was found somewhat stained. (Figs. 5 (C, E, F) and 6 (C, E)) 

When the outcomes of biuret test, quantitative analyses and optical 
rotatory powers of Chg and Chr are mutually compared, it is surmised that 
the latter substance is a carbohydrate identical with the former but is con- 
taminated with a small quantity of protein. The noticeable divergency 
of Che (A-carbohydrate) in analyses from Chg (B-carbohydrate) looks very 
queer, because the corresponding pair of group substances from individual 
tissues or organs have been found all to have one and the same quantitative 
composition though peculiar to their source (Cf. the many reports publi- 
shed hitherto from this Institute). 

Paper partition chromatography. For the sugar chromatography, 
50, 50 and 30 mg. respectively of Chc, Chg and Chr were hydrolyzed and 
after eliminating excess H,SO,, condensed to 1, 1 and 0.5cc. 0.02 cc. was 
used for developing the run. As is seen in Fig. 4, glucosamine, chondros- 
amine, galactose and L-fucose were found to make up the proper carbo- 
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Anode Cathode 
exami 


to 

Fig. 5. Electrophoretic patterns of a 1% solution of the carbohydrate (water-solu- 
ble)specimens in phosphate buffer, pH 7.8, 1=0.29 (marked with a symbol corresponding 
to the pseudomucin preparations wherefrom the substances were separated). Ascending 
limbs to the left. (C) and (E) temperature 14°C; current 23 ma; exposure 75 and 70 
minutes after starting current. The boundaries are symmetrical. (F) temperature 
14°C; current 23 ma; exposure 60 minutes after starting current. Asmallslower-moving 
second component is shown. 
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Anode Cathode 


Oe 


Fig. 6. Electrophoretic patterns of a 1% solution of the carbohydrate (water-solu- 
ble) specimens in acetate buffer, pH 4.6, 1=0.1 (marked with a symbol corresponding to 
the pseudomucin preparations wherefrom the substances were separated). Ascending 
limbs to the left. (C) temperature 20°C; current 11 ma; exposure 3 hrs. and 20 minutes 
after starting current; mobility 0.54 cm*sec~*volt“&1C5. (E) temperature 20°C; cur- 
rent 1] ma; exposure 2 hrs. and 30 minutes after starting current; mobility 1.08 cm 
sec~levolt-11C5, 


hydrate moiety of the substances. To identify the amino acids, 60mg. 
each of Che and Chg were refluxed, in a boiling water-bath, with 6 N 
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Phenol-water-ammonia _/3hrs. 
(secondary run) 

Fig. 7. Paper partition chromatograms (ascending) of the hydrolysate of Chc and 
water; secondary run, phenol-water (4:1). Two dishes each containing 2 drops of 
placed inside the bell-glass (23 cm. x 33 cm.) in the primary and secondary runs. Dis- 
tion in butanol saturated with water. 

1: aspartic acid, 2: glutamic acid, 3: serine, 4: glycine, 5: alanine, 

isoleucine, 12: hexosamine, 13: cysteic acid, 14: threonine. 


HCI for 16 hours. The hydrolysates were evaporated to dryness on a water- 
bath (boiling) and the residues furtheron evaporated many times with water 
to remove HC] as far as possible. Finally these were taken up in water, freed 
from the insoluble part and condensed to 0.5 and 0.6 cc. respectively. 
0.08 and 0.1 cc. respectively were put on the paper (Fig. 7). The amino 
acids detected were aspartic and glutamic acid, serine, glycine, alanine, 
histidine, lysine, arginine, proline, valine, leucine or isoleucine, and cystine 
or cysteine (A spot of cysteic acid was demonstrated) in Che and those 
amino acids as well as threonine in Chg. 

The findings regarding the sugar components (Fig. 4 (j, k, 1)) coincided 
with those in the glucidamin elucidated in the same figure (f, g). 
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Collidine-water-diethylamine 
(primary run) 








Phenol-water-ammonia _/3 hrs. 
(secondary run) 


Che [(C): Chc;(E): Chg]. Solvent mixtures; primary run, collidine saturated with 
diethylamine and two dishes‘each containing 2 drops of 10% ammonia respectively were 
tances travelled by the solvent mixtures, 25cm. 20°C, Developer, 0.2% ninhydrin solu- 


6: histidine, 7: lysine, 8: arginine, 9: proline, 10: valine, 11: leucine or 
Examination of Precipitabilities of Mixtures of the Materials 


Prepared as to Contain as Much Nitrogen as Hammarsten’s 
Pseudomucin-preparations, namely about 10% 


The materials were mixed in proportions as below: 


Preparation Mixing N-content of 
4 ratio the mixtures, % 
- Oe 4.6 10.1 
(13.496 N) (7.926 N) 
7) CE 4.6 10.3 
(8.2% N) 
4:6 10.0 


B : 
(13.196 N) 
B : E 4:6 10.1 
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F : } S35 9.9 
(11.92 N) 
F : E 5:5 10.1 
A 1% solution of the mixtures was put to the MgSO, and NaCl-HCl 
test (Hammarsten). Intensive opalescence appeared but no precipita- 
tion, in accord with the observation by Hammarsten on his preparations. 
To sum up all the results above, the pseudomucin preparations were 
various mixtures. Their components were: 


Component 
oes. 





Preparation Pseudomucin Ordinary Water-soluble Glacial acetic acid- Glacial 
in the writer’s simple carbohydrate and water-insoluble acetic acid- 
meaning protein* (Group-active) protein or carbohy- soluble and 
drate (crude) water-insolubie 
protein 
A’t + + _ + (protein) _ 
+ ++ ~ + (protein) ~ 
Cc + ? + + (protein+carbo- - 
hydrate) 
D _ - _ + (carbohydrate) + 
E + r + + (carbohydrate) _ 
F + + + + (protein-+carbo- oa 
hydrate) 
+: present, -b: a trace, —:absent. * Carbohydrate-poor, i.e., of non-glucidamin 
nature, and glacial acetic acid- and water-soluble. t+ Removed from a trace of the in- 
soluble. 
SUMMARY 


Hammarsten procedure of separating pseudomucin was adapted to 
6 viscid ovarial cysts, and the products fractioned by electrodialysis and by 
the aid of acetic (concentrated) and trichloroacetic acid. Thus the con- 
clusion was reached that substances obtainable after Hammarsten are 
mostly a mixture of proteins and carbohydrates. The writer wants to 
retain the name ‘ pseudomucin ’ to call the glucidamin which precipitates 
on electrodialysis of such preparations. 


Through the Grant Committee the Education Department gave us a 
grant to defray the costs of this work which is gratefully acknowledged. H. M. 
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Prep. A’ of pseudomucin in the preceding report!) was plenty enough 
for a farther-going study on the sugar components making up the bound 
carbohydrates. The identification of the components by paper partition 
chromatography is less trustworthy than by isolation so that the balance 
of the specimen was employed to this end. The material consisted of 
pseudomucin in the terminology of Maki” and two ordinary simple proteins, 
glacial acetic acid-soluble and -insoluble.?) Judging from the chromato- 
grams, those ingredients of the substance contained glucosamine, chondro- 
samine, galactose and L-fucose, glucosamine, galactose and t-fucose, and 
chondrosamine, galactose and t-fucose respectively, in other words, the 
substance as a whole contained the both hexosamines, galactose and 
L-fucose. 

The material was hydrolyzed with sulfuric acid and the hydrolysate 
was divided by means of mercuric acetate and baryta into two fractions, 
one involving non-amino sugars and the other amino sugars. From the 
non-amino sugar fraction were separated galactose and L-fucose as methyl- 
phenylhydrazones in a pure state and the t-fucose derivative was further 
converted into p-toluenesulfonylhydrazone and benzylphenylhydrazone for 
strict identification. From the amino sugar fraction glucosamine could be 
separated as crystalline hydrochloride easily by our usual procedure, 





* Signifies substances which can be separated from viscous ovarian cyst fluids according 


to Hammarsten. 
¢ 153rd report of Masamune and coworkers’ “‘Biochemical Studies on Carbohydrates.” 
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whereas, to separate more soluble chondrosamine hydrochloride it was 
requisite to subject the substance in the mother liquid to displacement 
chromatography, because, when not thus treated preliminarily, the deposit 
always took an oily form. ‘‘ Amberite IR 120” served as adsorbent and 
0.1 N NaCl as displacement developer. The crystalline product from the 
effluent was a mixture, and pure chondrosamine hydrochloride was ob- 
tained by fractional crystallization. 

Neither in the non-amino sugar fraction nor in the amino sugar 
fraction above were detected other kinds of sugar. In short the findings 
by paper chromatography have been substantiated. The details and 
accessory observations will be recorded in the experimental part. 


EXPERIMENTAL 


Prep. A’ in the foregoing communication,!) which was the material 
examined, was a mixture of ‘pseudomucin’ in the sense of Maki and two 
ordinary simple proteins and had been prepared by following Hammarsten®) 
and further purified by one reprecipitation from water. It analyzed: 
N 13.4%, hexosamines 5.6%, non-amino sugars as galactose 5.3% (indole 
method), ash 0.67%, and so had much higher nigtrogen content than 
Hammarsten’s preparations despite of the same preparation procedure. 
Neuberg & Saneyoshi and aniline acetate test negative; Molisch, Rosen- 
thaler and Widtsoe & Tollens*) positive. 


Isolation of the Sugar Components 


1) Separation of the methylphenylhydrazones of the non- 
amino sugars 


Hydrolysis of the material was effected by 5 hours’ reflux with 1 N 
H,SO, (300 cc. for 10 g. material) and fractionation of the hydrolysate by 
employing mercuric acetate and baryta as usual in our studies.®) Several 
runs were developed starting with 40 g. of the material in total and from 
the non-amino sugar fractions were given 2 g. of a mixture of g-methy]l- 
phenylhydrazones. (In a preliminary run, a similar fraction was treated 
with phenylhydrazine’ but no precipitation occurred, which indicated 
the absence of mannose.) 

The methylphenylhydrazones mixture was fractionatedly crystallized 
by the aid of 95 and 30% alcohol and water and three batches of different 
crystals (I, II and III) were given. 

I (the least soluble). Plates with silver luster; m.p. 190°C (No eleva- 
tion took place on further recrystallization) ; yield 510 mg. It did not lose 
weight at 100-110°C under reduced pressure, and had no D-light rotation 
in pyridine. 
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N (Pregl’s micro Kjeldahl method) 

5.540 mg. substance, 3,850 cc. 0.01 N acid neutralized by distilled NH3. 
CgH OsNN(CHy)CgHs-. Calle. 9.85%; found 9.73%. 

Thus the properties and analyses indicated it to be p-galactose-a- 
methylphenylhydrazone, and the mixed melting point test showed no 
depression. 

II (the most soluble). Non-colored, transparent, thin needles; con- 
stant m.p. 180-181°C; yield 110mg. Contained no crystal water (ex- 
posed to 100-110°C under diminished pressure). 


N (Pregl’s micro Kjeldahl method) 
5.274 mg. substance, 3.908 cc. 0.01 N acid neutralized by distilled NHg. 


5.108 mg. se >. 3.791 ce. + 9s _ 
CgHyO,NN (CH) C,Hs. Calc. 10.44%; found 10.37%, 10.39%. 
+0.061 x 100 


(lS =—Fa71 =F 28" Cin pyridine). 

The findings were an evidence that we had a-methylphenylhydrazone 
of t-fucose [m.p. (van der Haar®’): 180°C; [a]p (Miither and Tollens”’): 
+3.6° (in pyridine)]. 

III (Uniform white thick needles). m.p. 174-176°C. Yield 750 mg. 
This was the intermediary fraction and looked to be mixed crystals of I 
and II, because, as will be described below, t-fucose-benzylphenylhydrazone 
could be prepared therefrom after splitting off of methylphenylhydrazine. 


2) a-Methylphenylhydrazone of L-fucose was changed into 
the p-toluenesulfonylhydrazone 


50 mg. of t-fucose-g-methylphenylhydrazone above (II) were dis- 
solved in a mixture of 0.4 cc. of abs. alcohol and 0.25 cc. of water by slight 
warming, and g-methylphenylhydrazine was cleft off according to Herzfeld 
& de Witt® as follows. The solution was boiled under return condenser 
with 0.04 cc. of benzaldehyde for 3 hours and the precipitate when cold 
was filtered off and washed with cold water. The filtrate and washing 
were exhausted with ether, and the watery layer distilled in vacuo to 
dryness. The residual was taken up in 0.2 cc. of water and diluted with 
l cc. of abs. alcohol, 25 mg. of f-toluenesulfonylhydrazine (Freudenberg 
& Bliimmel®) added and the mixture heated for 10 minutes on a boiling 
water-bath. By standing the solution in the cold no crystallization 
occurred, but on following condensation in a vacuum desiccator (CaCl,) 
to half the volume non-colored needles came out as radial congregates. 
The porridge was covered under | cc. of 95% alcohol overnight and the 
crystals were separated on a funnel with suction and washed with water, 
with 50% alcohol, with abs. alcohol and with ether in turn. The air-dry 
product amounted to 35mg. It decomposed at 170-171°C under gas 
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evolution. Recrystallized from 95% alcohol (Yield 27 mg.), the substance 
decomposed at 173°C. (The one prepared from tragacanth broke up at 
the same temperature when tested in parallel.) Another recrystallization 
did not change the decomposition point [m.p. (Freudenberg & Bliim- 
mel”): 174°C]. [asp =—2-270 100 __ 18,3° (in pyridine) [[a]i? (Freu- 
denberg & Rashig)!®): —17.0° in pyridine]. For N analysis the portion 
employed for the optical measurement was recovered by precipitation of 
the solution with ether, washing with ether and recrystallization from 
abs. alcohol. The substance decomposed at 173.5° under gas evolution. 
N (Pregl’s micro Kjeldahl method) 


5.630 mg. substance, 3.337 cc. 0.01 N acid neutralized by distilled NH3. 
Cy3HggOgN.S. Calc. 8.43%; found 8.30%. 


Remark. It was also tried to isolate the latter hydrazone immediately 
from the non-amino sugar fraction of 20 g. of the material. However, the 
crude product melting at 172°C amounted only to 10 mg. 


3) a-Methylphenylhydrazone of t-fucose was changed into 
the benzylphenylhydrazone 


Here the probable mixture of the methylphenylhydrazones of galactose 
and t-fucose (III in 1)) was employed. 650 mg. of it were heated with 
9cc. of abs. alcohol and 1 cc. of 40% formaldehyde for 1 hour, stood 
overnight and filtered (Cf. Ruff, Ollendorf & Browne’). To the filtrate 
were added 8 cc. of water, and the mixture was shaken with three 20 cc. 
portions of ether and the watery layer was separated and distilled in vacuo 
to dryness. Again repeated vacuum-distillations were conducted with 
abs. alcohol and finally the substance was taken up in a small volume 
of water. After removal of the insoluble part, the solution was also dis- 
tilled. The glutinous remainder (150 mg.) was taken up in 3 cc. of 75% 
alcohol, and 215mg. benzylphenylhydrazine hydrochloride (Milrath??’) 
and 125 mg. crystalline sodium acetate were added as dissolved together 
in 4.cc. of 75% alcohol. And the mixture here was heated for 5 minutes 
on a boiling water-bath, followed by standing overnight in an ice-chest. 
The crystalline deposits (white needles) were filtered off, washed with 75 
and 98% alcohol and ether and dried in air. Recrystallized once from 
95% alcohol, the product (55 mg., white needles) melted constant at 
179°C. [m.p. (van der Haar®’): 178°C]. 

N (Pregl’s micro Kjeldahl method) 

3.326 mg. substance, 1.897 cc. 0.01 N acid neutralized by distilled NHs. 
3.530 mg. ‘“ 5. 2a Cc. a re re. 
CgHy,OgCyg3Hi,N2. Calc. 8.13%; found 7.99%, 7.98%. 

Optical rotation 
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15 ___+0.086 x 100 
[lB =~ 058% 1 

14 0.146 x 100 
[els =~T55x1 
([e]p (Votoéek, Valentin & Leminger™)): + 14.9° in methanol; 
[@]p (Miither & Tollens') : +9.1° in pyridine.) 


=-+14,8° (in abs. methanol). 


=+9.4° (in pyridine). 


4) Isolation of p-glucosamine as hydrochloride 


A run started with 10 g. of the material will be taken as an example. 
The precipitates from the hydrolysate by mercuric acetate and baryta were 
exhausted with a very dilute acetic acid solution at pH 4.0 and the extracts 
were liberated from barium, mercury and acetic acid and evaporated to 
dryness. The residual was boiled with 100 cc. of 20% HCl for 8 hours 
and then distilled in vacuo many times to remove HC] as far as possible, 
with prior addition of water in the second and following times. The final 
syrup was diluted with some water and butanol was passed continually in 
a Dakin apparatus for 8 hours. The watery layer was condensed, mixed 
with a little concentrated hydrochloric acid and methanol and precipitated 
with acetone, as often carried out. Addition of acetone was discontinued, 
when oily deposits began to appear. The crude product (150 mg.) ob- 
tained was recrystallized from a mixture of water and methanol with 
acetone and further from water with abs. alcohol (Cf. Hiyama')). 95 mg. 
of a pure product were yielded. It did not melt even at 250°C. Elson 
& Morgan test for hexosamine’®), positive. Chloride ion detected. 


N (micro Kjeldahl) 
7.050 mg. substance, 3.238 cc. 0.01 N acid neutralized by distilled NHs. 
CgH,,;0;N-HCI. Calc. 6.48%; found 6.43%. 

Optical rotation in water (temperature 16°C) 


Time a 19 __%X 100 
min, deg. ele =F 3x1 
deg. 

5 +2.23 +97.0 

15 +2.13 +92.6 

30 +1.98 +86.0 
60x 1 + 1.78 +774 
60x 2 +1.73 +75.2 
60x 4 + 1.63 +70.9 
606 + 1.63 +70.9 


5) Isolation of chondrosamine as hydrochloride 


The mother fluid of glucosamine hydrochloride above showed dis- 
tinct Elson & Morgan reeaction which suggested the presence of chondros- 
amine. To separate this amino sugar in crystals, it was tried to eliminate 
inhibitory contaminants by precipitation with mercuric acetate followed 
by the above operation in crystallizing out glucosamine hydrochloride 
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(Cf. the process of Hiyama‘”) whereby crystalline chondrosamine was isolat- 
ed from a paramucin hydrolysate) and also by a similar process substituting 
lead acetate for mercuric acetate, but always an oily deposit separated. 

Hence, next, displacement chromatography was tried, using ‘“‘ Am- 
berite IR 120.” The oily deposit and mother fluid in the last attempt 
were distilled together, and after most possible removal of HCI by distilla- 
tion with portions of water under diminished pressure, the final remainder 
was taken up in 200 cc. of water. The yellowish solution was of pH 1.6. 
A column of inner diameter of 11 mm. was packed with the resin (Na- 
form) as high as 200 mm. and after treatment with 2 N HCl, washed with 
water before use. The solution containing probable chondrosamine was 
run through the column at a rate of 1 cc/min. Subsequently 30 cc. of 
water were run. The column was developed by displacement with 0.05 
N NaC] at first, and afterwards with 0.1 N NaCl (applied in both cases at 
the same rate as above). The effluent was collected in 10 cc. fractions and 
Elson & Morgan test was made on 0.2 cc. from each fraction. 0.05 N 
NaCl used was 80 cc. in total and all the eight effluent fractions gave 
merely faint reaction of hexosamine, but on running 0.1 N NaCl the ap- 
pearance of hexosamine increased suddenly and Fractions 2—20 proved 
to contain pretty much of it, after which it became less and less and in 
the 25th fraction it was not detected. Fractions 2—20 (190 cc.) were 
evaporated together at low pressure to a syrup. The syrup was kneaded 
with a few drops of 20% HCl and diluted with 2 cc. of methanol, and 
acetone was added in small portions. When some crystals of NaCl and 
glucosamine hydrochloride separated, they were filtered off and to the 
filtrate were added additional acetone and a little petrol ether (b.p. 40- 
70°C). The crystals coming out thereupon consisted chiefly of prismatic 
needles (chondrosamine hydrochloride) and partially of NaCl and gluco- 
samine hydrochloride. (In the mother fluid there remained almost no 
Elson & Morgan-positive substance.) They were separated and chon- 
drosamine hydrochloride was isolated by fractionated crystallizations from 
a dilute methanol, by using sometimes acetone and sometimes petrol ether. 
The final product inyolved white prismatic needles only and amounted to 
31 mg. When heated it decomposed at 182°C. Elson & Morgan, strong- 
ly positive. Chloride ion, detected. 

N (micro Kjeldahl method) 

5.855 mg. substance, 2.735 cc. 0.01 N acid neutralized by distilled NH3. 
CgHO;N-HCl. Calle. 6.48%; found 6.54%. 


Optical rotation in water (temperature 20°C) 





Time . __«x 100 
min. deg. (le =F 71x 
deg. 


6 +0.68 +58.1 
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15 +0.81 +69.2 

30 +0.86 +73.5 

60x 1 +0.94 +80.3 

60x 2 + 1.06 +90.5 

60x 4 +1.11 +94.8 

60 x 20 +1.11 +94.8 
SUMMARY 


A mixture of pseudomucin (Maki) and two ordinary simple proteins 
(obtained from a viscous ovarial cyst fluid by the procedure of Hammarsten 
for preparing his pseudomucin) was hydrolyzed and fractioned to isolate 
the sugar components. And galactose and L-fucose were isolated as a- 
methylphenylhydrazones, and the latter identified also as -toluenesulfonyl- 
hydrazone and benzylphenylhydrazone. In addition, glucosamine- and 
chondrosamine-hydrochloride could be separated, but no sugar else. The 
present experiment afforded a proof of the findings by paper chromato- 
graphy in the foregoing report of this series of investigations. 


A part of the expenses of this work was defrayed by a grant given from the 
Education Department through the Grant Committee for Scientific Researches. 
H. M. 
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Cepharanthin is a biscoclaurin type of alkaloid found in stephania 
cepharantha and stephania Sasaki, which botanically belong to the ste- 
phania family of menispermaceae, and is a yellow, light powder with a 
following structural formula according to Kondo. 


~OCH3 0- 
[aa 
H5C- madre. 0- N-CH, 
0 
postin 


OCH, 


Cepharanthin 


Hasegawa®*) carried out for the first time a pharmacological and 
biological study of cepharanthin and found its high effectiveness for ex- 
perimental tuberculosis in the guinea pig, in spite of its weak tuberculostatic 
activity (growth inhibiting concentration lies in some 1: 2,000 and 1: 10,000 
by means of liquid culture and Wright’s slide cell culture method respective- 
ly). Subsequently, he and his associates recommended cepharanthin as 
an excellent antituberculous remedy. Being encouraged by the results, 
cepharanthin was soon employed in the treatment of leprosy. Hashimoto 
and Furumi and their associates® first reported excellent results of the 
treatment; viz., Hashimoto et al.®) (skin disease clinic of the Niigata 
Medical College) reported that out of 23 patients 4 were markedly cured, 
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10 showed improvement and 5 became aggravated in lepromatous cases 
and out of 31 patients 16 were markedly cured and 9 showed improve- 
ment and only | became worse in macular form; Furumi et al.” (national 
leprosarium at Kusatsu) reported the following results on 380 patients, 
treated for 1-21 months; viz., lepromas and infiltrations were completely 
cured in 21, markedly cured in 139 and somewhat cured in 115 out of 
290 lepromatous cases; macules were completely cured in 29, markedly 
cured in 19 and somewhat cured in 11 of 141 macular cases. Mitsuda 
and his associates®) of the national leprosarium, Nagashima-Aisei-en, em- 
phasized the marked effect of cepharanthin upon macules, stating that 
improvement was to be expected after treatment of 2-3 months. Those 
results led to cepharanthin therapy of lprosy to become popular through- 
out the nation. While Tanioku!!) (Tokyo University) and Yoshida! 
(Kyushu University) recommended cepharanthin, the results obtained in 
many other leprosaria were as a whole not so excellent and seemed to be 
against our expectation. On the otherhand, Toda and Lew,!) Satani et 
al.® or Lew” attempted to treat experimental rat leprosy with cepharanthin, 
but without success. 

The author also employed cepharanthin in the treatment of rat and 
human leprosy. However, he could not only confirm curative and pre- 
ventive effect of the drug on rat leprosy, but also he failed to recognize 
any superiority in effectiveness for human leprosy compared with that of 
chaulmoogra oil. 

The details of the experiment were as follows. 


EXPERIMENTAL 


Influence of Cepharanthin upon Experimental Rat Leprosy 


a) Test of examining curative effect on manifestly 
infected rats 


Method: 30 rats of 120-150 g. in weight which were inoculated with 
leprosy bacilli (“‘ Kumamoto” strain) about 4 months before, were used 
for the purpose. All of them had skin nodules of soy-bean or pea size 
at the inoculated part. Each of them was given 0.0001-0.01 mg. sub- 
cutaneously 1-2 times a week (the dose was gradually increased). 17 rats 
were injected with 0.02—0.35 mg. of the drug 50-70 times during 193-321 
days. The rats were observed clinically and autopsically (after dying or 
killing) compared with the control rats, which were inoculated in the same 
ways but not treated. 

Results obtained: Almost no difference was observed in the produced 
lesions of the skin and visceras, clinically, pathologically or bacteriologically 
between the treated and untreated groups of rats. According to Lew,” 








nd 
re- 
ize 


th 
ed 


Ze 


ts 
21 
or 
ne 


ed 
lly 





Studies on Chemotherapy of Leprosy. I 343 


cepharanthin was effective on ulcer in the rats concerned. However, 
ulceration of the skin nodule appeared in some cases in spite of the treat- 
ment, as Satani etc.® stated. 


b) Test of examining preventive effect on infection 
of rat leprosy 


Method: 25 rats of 70-80 g. in weight, which were inoculated with 
rat leprosy bacilli 5 days before, were used for the purpose. Into each of 
them 0.0002-0.01 mg. of cepharanthin was injected 1-2 times a week 
subcutaneously. 11 rats out of them were injected with 0.01-0.02 mg. of 
the drug 35-64 times during 153-275 days. 

Results obtained: All of them except for the rats, which died earlier, 
became infected and the state of infection showed no difference compared 
with the control untreated rats. 

The author concluded that cepharanthin is not effective neither in 
the treatment nor in the prevention of rat leprosy. 


Treatment of Lepra Patients 


Materials (Patients): Lepromatous case (L) 47, macular case (M) 38 
and neural case (N)7, amounting to 92 in total. Their ages ranged from 
12-54. These patients were treated with cepharanthin for 6 months-2 
years. The majority of them had no medical treatment before. Clinical 
state and condition of the patients are shown in Table I. 





























TABLE I 
Clinical State and Condition of the Patients 
Leprosy | Number of Moderately advanced Slight or initial 
— — ae Active | Stationary Active Stationary 
L jibe «3 Bi ata 1m Biddle. | 4 
M 38 | 2 13 2 21 
N 7 | 1 | 3 | 3 
Total | 92 | s | 44 | 43 


Method of treatment: According to Hasegawa®) or Hashimoto*) the 
essentials of cepharanthin therapy exists in that the minimal dose should 
be given with adequate intervals. Accordingly the patients above men- 
tioned mostly administered orally 0.05-0.1 mg, every day or two or three 
times a week. Besides this, intravenous administering of 0,1 mg. two or 
three times a week were also adopted in some cases. The patients under 
treatment were observed clinically once a week; viz., state of skin erup- 
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tions were precisely observed with regard to general condition; examina- 
tion of lepra bacilli in those lesions and nasal-mucus also were often per- 
formed; occasionally the sedimentation rate of red blood cells or Mitsuda’s 
skin reaction were examined. 

Results of treatment: a) Lepromatous forms: In the beginning of 
the treatment especially during the lst-2nd week, more than one third 
of the patients felt more or less refreshing and invigorating feeling of the 
body with increasing appetite. Such a condition, however, continued for 
only 1-several weeks and then disappeared spontaneously or was followed 
generally with itching with or without hyperemia of the skin. Often suc- 
cessive outbreak of numerous new skin nodules were to be seen. Generally 
speaking, many of the patients become rather worse as the treatment prog- 
ressed. Namely many of lepromatous skin nodules and infiltration became 
gradually reddish and swollen or increased their sizes; sometimes even 
ulceration appeared on them. Furthermore the outbreak of new erup- 
tions, nodular or flat erythematous of from millium to plum nut size, were 
seen in many of the cases; almost a]l of those eruptions showed lepromatous 
structure histologically with numerous bacilli. Such exacerbation were 
observed in 29 out of 47 patients. Ifthe dosage was increased in the cases, 
which showed a something else sign of irritation of skin symptoms, there 
almost always appeared aggravation of the eruption. On the other hand, 
several patients were treated with relative large dose. Namely: 0.2- 
0.3 mg: was given daily for 5 days and after 5 days of rest the same dose 
was given repeatedly. But none of them were tolerable because of the 
appearance of irritative inflammatory phenomena of the skin lesions. It 
was necessarily inevitable to take recess or abolition of administering the 
drug in those exacerbated cases. Sometimes, however, more or less marked 
improvement resulted by the treatment. Namely, in 5 cases, lepromatous 
nodules or infiltrations became softer and softer after 2-3 months of ad- 
ministering cepharanthin and thereafter there resulted a gradual regression 
of the eruptions within 6-14 months. Bacilli in smearing films of both 
eruptions or nasal mucus diminished markedly in their numbers. Despite 
successive administering in these cases, further improvement was almost 
not expectable. Meanwhile, the most manifest recovery was observed in 
other slight case, who complained of two half global swellings of egg and 
plum-nut size in the chin for a year; He took 0.05-0.1 mg. of the drug 
orally 6 times a week. Then the swelling became softer and smaller since 
the 4—5th week after the treatment started, and disappeared almost com- 
pletely leaving brown lustrous or creasy scars after about 4 months (total 
dose administered reached 9.6 mg.) At that time no lepra bacilli could 
be found in the smears from nasal mucus, and bacilli could hardly be found 
in the smearing films from cleared up skin eruption, though a few of them 
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were yet found in the sections, which were histologically in nearly cica- 
trized state and healed up tissue with foci of lymphocytes and few lepra 
cells. 

b) Macular forms: The patients of macular form were far much 
more tolerable to the treatment compared to lepromatous cases and the 
majority of them tolerated well, taking 0.1-0.2 mg. of cepharanthin every 
day or three times a week. A marked improvement—regression or dis- 
appearing of macules to a large extent, in 6 cases and slight improvement 
in 11 cases resulted after 2-5 months of the treatment. For instance, a 
farmer’s wife (21 years old), who was in state of lepra reaction of the tuber- 
culoid type was markedly cured, showing clearing up oedematous erythema 
in the face and hands and disappearance of neuralgia of ulnar nerves of 
both sides. Although improvement of skin lesions to some extent were 
expectable in half of the patients in the earlier stage of the treatment, further 
progress of improvement, however, was suspended and the lesions mostly 
remained unchanged, in spite of increasing dosage. 

c) Neural form: The patients of the neural form were not sensitive 
to the drug and some of them tolerated administering 0.2-0.3 mg. of cepha- 
ranthin daily for 4 weeks. One patient showed a slight improvement of 
sensory disturbance and another had a relapse after continuous taking of 
0.05-0.1 mg. of cepharanthin 3-5 times a week for about a year. (total 
dose taken amounted to 17.0mg.) The remaining 5 cases showed almost 
no changes in their condition throughout 1-2 years administration. 

The results obtained in the treatment are summarized in Table II. 






































‘TaBLeE II 
Results of Cepharanthin Treatment 
Leprosy form and Number of | Markedly Slightly 
condition cases improved improved Pachanged | Aggravated 
L Advanced 27 | | eo 4 | 2 
Slight 20 | 1 | Zit i 
M Thick 12 | 3 | 5 | 2 2 
Flat 2 CO 3 phe 15 2 
Moderat, | | 
N Advanced 3 . : 
. Slight + | 1 | 3 | 
Total | 2 boonsisrnog 97 | @ | & 
Discussion 


As is well known, it is quite unreliable to judge the effectiveness of a 
certain drug for leprosy based on the results obtained in the treatment of the 
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neuro-macular cases alone. The criticism on the effect of the drugs con- 
cerned should be necessarily performed on the lepromatous leprosy. Re- 
viewing the author’s results, however, the majority of lepromatous cases 
became worse in spite of the treatment, though some of them showed 
occasionally improvement to some extent. Generally the larger the dose 
given was, the more the condition became liable to aggravate. Leprosy 
bacilli in the nasal mucus and skin lesions showed no diminution in their 
numbers throughout the period of treatment in all of the patients, except 
for 3 cases. Mitsuda’s skin reaction was hardly influenced by 1-2 year 
treatment. Formerly Mitsuda etc.*) and later Hashimoto etc.®) stressed 
especially on the marked effect of cepharanthin of skin lesions in the 
macular leprosy. According to the author’s experience, however, it can 
hardly be said that cepharanthin surpasses chaulmoogra oil in effectiveness 
even for macular leprosy. In fact, sometimes macules showed some 
regressive tendency in the earlier stage of the treatment, but the state 
mostly remained stationary thereafter. 

Anyway, cepharanthin is not a chemotherpeutic agent in real sense, 
but merely a sort of irritant, because bacteriostatic activity was weak and 
the administering of increased large dose almost always causes aggravation 
of symptoms in lepromatous patients. Consequently cepharanthin treat- 
ment belongs to the so-called alterative therapy. 

Furthermore, from the view point that even sulphone drugs, which 
show excellent effect on human leprosy, were hardly efficacious on rat 
leprosy (Carpenter et al.,!) Sato et al.!), it might be quite natural that 
cepharanthin did not show almost any effect on rat leprosy. 


CONCLUSION 


1. Cepharanthin is not so effective in the treatment of leprosy and is 
not to be compared with chaulmoogra oil or sulphone drugs. 

2. Cepharanthin shows neither curative nor preventive activity on 
the experimental rat leprosy. 


This study was aided by Grants from the Ministry of Education. Acknowl- 

edgement is due to Prof. Minoru Ito of the Skin-Desease Clinic of the Tohoku 

University, Risshun Suzuki, the former chief of the National Leprosarium, To- 
hoku Shinsei-en, for the materials used in the experiments. 
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The so-called Koha is a name, given to a certain group of cyanine 
dyes by Hatano and Ogata etc. which have phothosensitizing activity to 
the infra-red rays. During the second world war, Hatano and his as- 
sociates*)®) reported that they determined the effectiveness of Koha No. 1 
and No. 12 in experimental tuberculosis and other diseases. Subsequently 
Miyazaki) (1943) reported that Koha No. 1 showed marked effect in the 
treatment of leprosy. Namely, among 371 patients 81.9 per cent of the 
cases were more or less improved and only 1.6 per cent aggravated during 
the course of 10 months treatment. 

According to Ogata,®) each Koha No. 1 and No. 12 has following 
constitutional formula respectively: 


Fig. 1 
1,1,1-triethyl-10-lepidyl-4,4 ~trimethine-chinocyanine 
-1,1-diiodide 
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Koha No.1 (Kryptocyanine 0.A.1) 
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Fig. 2 
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Koha No.12 (Illuminol RIT) 


The former belongs to chinocyanine and also is called neo-cyanine. 
It is a copper lustured crystalline compound and is difficult to dissolve in 
water but easy in the presence of sod. bicarb. The latter belongs to 
thiazolocyanine and is a violet lustured crystals. Later Ogata®®) made 
known that Koha No. | which was prepared and employed in the earlier 
stage, was not chemically pure and contained a small quantity of four 
other sorts. of Kryptocyanine O.A.s (K.O.A.2, O.A.3, O.A.4, O.A.5) and 
Kryptocyanine O.A.1 is no other than Koha No. | itself. According to 
Miyazaki purified Koha No. | viz. K.O.A.1 was not favorable in the 
treatment of leprosy because of showing often side effects. Accordingly 
he recommended rather Koha No. 1 which contained those impurities. 
Lumin is a name given to this not purified Koha No. 1 by Ogata and is 
called also Kryptocyanine O.A. complex, of which chief constituent, Koha 
No. 1 occupies about 92 per cent. 

Meanwhile Koha (No. 1) treatment of leprosy was scrutinized in 
several hospitals based on Miyazaki’s splendid report, but the results 
obtained were not so satisfactory (Hayashi and Abe,*) Nojima,” Suzuki!?)— 
of the national leprosarium in Tokyo, Shikoku and Tohoku respectively). 
Meanwhile Tanimura") reported ineffectiveness of Koha No. 1 for experi- 
mental rat leprosy. 

The authors’ experiments on Koha No. 1, Lumin, and Koha Ne. 12 in 
this respect gave almost no noticeable results. 

The details of the experiments were as follows. 


EXPERIMENTAL 
Bacteriostatic Activity on Some Acid-fast Bacteria 


Generally, the bacteriostatic activity of the cyanine dyes is said to be 
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not so high (Sato et al.,!°’ Tadakuma!’). 

According to the present experiment, Koha No. 1, No. 2 and Lumin 
showed tuberculostatic activity (“‘ Aoyama ”’ strain was used) of 1: 50,000, 
sometimes of 1: 100,000 concentration at the 3rd week and bacteriostatic 
activity of 1: 80,000, rarely of 1: 300,000 concentration upon three sorts 
of non-pathogenic acid-fast bacilli at the 8th day of liquid culture (Locke- 
mann’s medium). By means of slide cell culture, however, tuberculostatic 
activity of three drugs were not so strong, even in the concentration of 
1: 10,000. As a whole the activity of Koha No. 12 seemed somewhat 
weaker than the other two. 


Influence of Koha upon Experimental Rat Leprosy 


Materials: 30 rats of 80-100 g. in weight were used, which were 
previously inoculated with rat leprosy material (‘“‘ Kumamoto” strain) 
subcutaneously 3 months before and were manifestly infected, showing 
skin nodule at the inoculated part. 

Method: ‘The rats were devided into 3 groups; 10 rats were treated 
with Koha No. 1 and the other 10 with Koha No. 12; the remaining 10 
were used as a control group with no treatment. Both drugs were injected 
0.01-0 02-0.03 mg. (dissolved in physiological saline) three times a week, 
in a gradually increasing dosage, subcutaneously. 

Results: In Koha No. 1 treatment, 5 out of 10 rats and in Koha No. 
12, 7 out of 10 rats could be observed for more than 4 months and they 
were compared with the untreated control rats. No differences were 
found in the produced lesions of the skin and visceras between treated and 
untreated groups either clinically or autopsically (macroscopical, bac- 
teriological and sometimes histological examination were performed). 


Treatment of Lepra Patients 


Both Koha No. 1 and Lumin, used in the experiemnts, were those 
which were sealed in ampules mixed with sod. bicarb. (1:50) .to easily 
dissolve it. 


a) Koha No. 1 treatment 


Study was performed in 1943. 0.1-0.5-1.0 mg. of Koha was given 
daily intra-venously in gradually incresing dosage three times a week. 16 
lepromatous (L), 8 macular (M) and 2 neural (N) patients (moderately 
advanced and slight initial cases), were treated for 3-6 months. All of 
the cases remained almost unchanged, showing neither improvement nor 
aggravation of symptoms. Almost no secondary effects of the drug were 
experienced, except for temporal palpitation of the heart in several cases. 








352 S. Sato and F. Chida 


b) Lumin treatment 


Method: Study was performed in 1947—48. 0.05—0.1 mg.of Lumin 
was given daily orally five times a week for 8 weeks. After every 8 weeks 
of the treatment a week of rest was given. 9 lepromatous, 12 macular 
and 2 neural cases were treated for 2-6 months. 

Results obtained: Out of the cases above mentioned, 2 lepromatous 
and 5 macular cases were slightly improved after 1-3 months treatment 
but further improvement was almost not seen. On the contrary 5 lepro- 
matous patients became worse, showing irritative inflammation of skin 
lepromas. Above all 2 cases out of them highly aggravated after several 
weeks of administering 0.05 mg. of Lumin, showing an outbreak of num- 
erous lepromas in the face, four extremities and even in the mucous mem- 
brane of the throat. The remaining 11 patients showed almost no change 
clinically. The results are summarized in Table I. 























TABLE I 
ned ga Number of cases ootaes Unchanged | Aggravated 
L Advanced 6 P 1 5 
Slight 3 2 1 
/ a — ait —E 
Thick | 8 | 4 4 
M | Flat tac. Pei 1 5 
N Slight gore | 2 | 2 
Total | 23 | 7 ll 5 











c) Koha No. 12 treatment 


Study was performed in 1944-45. 0.1-0.5 mg. of the drug was given 
orally every other day. 3 moderately and 2 slightly advanced lepromatous 
patients and 3 tuberculoid macular patients were treated for more than 
6 months. Neither improvement nor aggravation of the state was re- 
cognized. No changes were found in state or number of leprosy bacilli 
found in the skin or nasal lesions before and after the treatment. Almost 
no noticeable secondary effects were observed. 


Discussion 


As above described, Koha No. 1, Lumin and Koha No. 12 did 
not show any noticeable curative effect upon human and rat leprosy and 
their bacteriostatic activity upon tubercle and non-pathogenic acid-fast 
bacilli in vitro also were rather weak. Aside from ineffectiveness of these 
drugs for rat leprosy, which was highly resistant to chaulmoogra oil and 
even to sulphone drugs, the fact that the larger the dose given was, the 
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more the condition became liable to aggravate in the treatment of lepra 
patients, though occasionally showed improvement of some degree, more 
than explains that the drugs are not real chemotherapeutic agents but 
merely irritants. In the meantime, in 1943, the authors recognized almost 
no therapeutic effect of Koha No. 1 upon leprosy and simultaneously he 
experienced no side effects of it. Those results were discordant from Miya- 
zaki’s excellent results®) obtained in the same year. On the Lumin 
treatment in 1948, which was composed of Koha No. 1 and four other 
Kryptocyanine O.A.s (2, 3, 4, 5), the authors encountered often aggravated 
cases, which reached more than half of the lepromatous patients, in spite 
of using one tenth of dosage of Koha No. 1 in the former experiment. 
Those results were interesting compared with Miyazaki’s results, obtained 
in the latter stage of his trials. Considering those facts, the most active 
and irritative substance, though better or worse, might presumably be 
contained in the other Kryptocyanine O.A. group than Koha No. | (= 
Kryptocyanine O.A. 1), as Miyazaki et al.® stated. 


CONCLUSION 


1. Koha No. 1 or Lumin and Koha No. 12 which belong to photho- 
sensitizing cyanine dyes are not so effective in the treatment of leprosy and 
are not to be compared with chaulmoogra oil or sulphone drugs. 

2. All of these drugs give no influence on the course of experimental 


rat leprosy. 


This study was aided by Grants from the Ministry of Education. Acknowl- 
edgment is due to Dr. Terutaro Ogata, Scientific Research Institute, Tokyo, 
for the cyanine dyes used in the experiment. 
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As already reported in the previous papers”), we have isolated 360 
antagonistic streptomyces by the primary screening (so-called ‘“‘ cross 
streaks’’). Among them 15 strains were classified into the 4th group, 
which are inhibitory only to acid-fast bacteria but not to common Gram 
positive and negative bacteria. 

Streptomycin and streptothricin-like substances, which were produced 
by the Ist group streptomyces, also inhibited acid-fast organisms, as well 
as Gram-positive and -negative bacteria. This 4th group streptomyces, 
however, were so characteristic in their antagonistic behaviour, so we have 
endeavoured further to test their activity in their filtrates, and some 
systematic “‘ secondary screening ’’ tests were performed.” As the result 
of these tests, the strain No. 364 have been proved to be the most active 
one, so in this paper some taxonomic studies of this strain, cultural con- 
dition for antibiotic production and purification procedure will be reported. 

Recently, some descriptions of similar antibiotics have been reported 
by several authors. In 1946, Kelner and Morton®) isolated a Str. lavendulae 
like strain ‘‘ A82”’ and tried its surface culture for 8-9 days (shaking 
culture for 4-5 days) on the medium containing tryptone 5g. glycerol 
30 cc. MgSO, 0.5g. KCl 0.5g. Na,HPO, 0.8g. FeSO, 0.01 g. Water 
1,000 cc. and this broth was found to be inhibitory to Mycob. smegmatis in 
1: 4,000 dilution. This antibiotic agent was active in an alkaline solution 
and also inhibitory to Mycob. phlei, but not so strong to Mycob. tuberculosis 
and B. subtilis. Moreover no activity was shown upon the other organisms. 
In this respect, this anti-smegmatis factor is closely similar to the anti-phlei 
factor, reported in the present paper. On purification method and 
chemical nature of this agent, these authors have never reported further. 
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Waksman ¢ al.‘) also made some efforts to isolate such strains. In 
1946, using several kinds of media, including TB-agar which contained 
washed cells of Mycob. tuberculosis, glucose and inorganic salts without any 
nitrogen sources, a strain of Str. lavendulae (No. 3465) was isolated and 
proved by them to be specifically active against acid-fast bacteria. This 
agent was produced in glucose-tryptone medium incubated for 6-10 days 
on surface culture, and antibiotic potency of the filtrateon Mycob. phlei was 
300 dilution unit. This filtrate was not active against B. subtilis, B. mycoides, 
E. coli and Ps. aeruginosa. Beside the above results, however, they did not 
report further in detail. 

In 1947, Williston e¢ al reported the results of the screening tests of 
antagonistic actinomyces against Mycob. tuberculosis (human type), and 
isolated some antagonistic strains, but it is not clear about the specifity of 
these strains. 

In 1947, Emmart e¢ al.®’7) isolated Nocardin, which was produced by 
Nocardia coeliaca. The active agent contained in the filtrate was first 
adsorbed by 1 per cent charcoal and extracted by equal volume mixture 
of ether-alcohol. The same substance was also obtained from mycelium. 
The activity of this substance was compared with that of streptomycin in 
vivo. The isolation from fungi of such antituberculous agents were re- 
ported by many authors, i.e. by Miller e¢ al.§) Smith e¢ al.°) and Kawa- 
guchi ¢é al.,'° from penicilla, and Mycocidine by Gerber," and by 
Asheshov,!?) Kallos,!®) Saltys!*? and Sato!) from aspergilli. Such active 
agent, however, have never been isolated in a pure form. 


Taxonomic Study 


According to the mycological description set forth in Bergey’s ‘‘ Manual 
of Determinative Bacteriology’’!®) and others this strain was determined to 
resemble Str. aureus (Table I). 


Cultural Condition for Production 


For the production of this agent, surface culture on modified Waks- 
man’s medium containing | per cent glycerol seemed to be most suitable. 
After many efforts, however, shaking culture with modified Kelner and 
Morton’s medium was proved to be also favorable. The results of the 
selection of the media were summarized in Table II. Optimal tempera- 
ture for production was 24—28°C. The assay was made by 5 cc. two-fold 
serial dilution method using broth containing glycerol 4 per cent, meat- 
extract 0.5 per cent, peptone 0.5 per cent, NaCl 0.5 per cent, pH 8.0 and 
one drop of 24 hour broth culture of Mycob. phlei was inoculated into each 
tube. The results were inspected after 48 hours incubation at 38°C. 
One-dimensiona] diffusion method was also tried to test the activity to 
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TABLE I 
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Str. strain 364 


Streptomyces aureus 
































ae _ colorless colorless 
Synthetic agar Aerial mycelium light cinnamon mouse-gray~cinnamon 
Soluble pigment -drab~mouse-gray -drab 
none none 
Growth yellowish light drab 
Glucose agar Aerial mycelium smoke gray light drab 
Soluble pigment none none 
Growth — light orange cream 
Ca-malate agar Aerial mycelium grayish hair brown 
Soluble pigment none none 
Growth _ colorless transp 
Starch agar Aerial mycelium white~mouse gray buff 
Soluble pigment none dark 
Enzymatic zone fair, 4~6 mm fair, 8~10 mm 
Growth gray white-gray or none 
Nutrient agar Aerial mycelium none gray 


Soluble pigment 


deep brown 


deep brown 





Growth 


cream-buff 


cream-buff 






































: Aerial mycelium grayish none or white 
ae Soluble pigment brown none~ brown 
Liquefaction rapid~slow rapid~slow 
Growth brown ring, solution black ring, solution 
brown brown 
Litmus milk Coagulation none none 
Petonization none none 
Reaction alkali pH 8°6 (21days) unchanged-alkali 
Growth - black brown, becoming black 
Potato plag Aerial mycelium white~mouse gray white~ash-gray 
Color of plag black black 
Growth dark olive-gray brown 
Bloo Aerial mycelium none none 
ooo Soluble pigment brown~dark dark 
Hemolysis none none 
Growth brownish pellicle brownish ring 


Glucose broth 


Aerial mycelium 
Soluble pigment 


none 
deep brown 


none 
deep brown 








Growth 


cream-buff, ring 




















Peptone solution Aerial mycelium white 
Soluble pigment brown 
Tyrosinase eee 
abundant abundant 
Conidia On synthetic spherical to oval Spherical to oval 
agar 0.8~1.1x0.6~0.8 p 0.6~1.0x0.8~1.4 2 
(1.0~1.2 x 1.0~1.5) 
Spiral On synthetic numerous long numerous long 





agar 


spirals 





spirals 
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Mycob. phlei, but this substance diffused less rapidly than streptomycin, so 
this methods was not so suitable for assay. 


Some Properties of the Culture Filtrates 


Beer which was harvested at highest production was tested as follows. 


1) Antibacterial spectrum. 
Antibiotic spectrum of the filtrate heated at 100°C. for 5 minutes 


at pH 5.0, was shown in Table III. 


TABLE III 


Antibiotic Spectra of the Culture Filtrate of Strain 364 





Test organisms 


Dilution unit 














Against Gram-positive and -negative 











nn Staph, aureus (Terashima) <SxX 

caitive Staph, aureus (209-P) <Sx 

tncteria. | Bac. subtilis (NRRL-B 558) <5x 

| Bac, anthracis <5x 

E, coli <SxX 

< Streptomycin resistant E, coli <5x 

— Alkaligenes faecalis <5x 

Mos, | KI. pneumoniae <S5x 

| Bac. sonnei <3x 

| Ps. pyocyanea <Sx 

| Mycob. phlei 320 x 

. Mycob. smegmatis 20x 

asta Mycob, avium <5x 
pape Mycob. tuberculosis (human type, Ao- 

yama B) 8x 





bacteria no activity was shown (B. anthracis seemed rather sensitive), while 
Mycob. phlei was inhibited in 1: 320, Mycob. tuberculosis (human type Ao- 
yama B strain) in 1:8. This result indicated the specificity for acid-fast 
bacteria and coinsided good with the results of primary screening. Tests 
for Gram-positive and -negative bacteria were performed with low nutrient 
broth (meat-extract 0.5 per cent, peptone 0.5 per cent, without NaCl, 
pH 7.5) and observed after 24 hours incubation. Activity against Mycob. 
tuberculosis (human type) was assayed by Dubos’s medium after 7 days in- 


cubation. 


2) Physicochemical properties 


a) Filtrability 


Active agent could not filtrate through the Seitz E-K filter at pH 


5.0, 7.0 and 9.0. 
b) Stability for heat 


Filtrates were adjusted to pH 2.0, 3.0, 4.0, 5.0, 6.0, 7.0, 8.0 and 9.0 
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respectively and heated at 100°C for 5 minutes, 10 minutes and | hour. 
As shown in Figure 1, boiling at weakly acidic pH for 5 minutes results no 
or only slight decrease of the activity, so it seems that this agent is rather 
stable at some acidic pH. 


Fig. 1 
Heat stability of the filtrates. 


——~ 100°C 5 min. 
eo ---—0 700°C 10 min. 
»---- 700°C 1 hour 
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Optimal pH of the Test Media 
Activity of the filtrates were examined in glycerol nutrient broth of 
pH 6.5, 7.2 and 8.0 respectively, and the result is given in Table IV. Test 


TABLE IV 
Test of Optimal pH for Activity 





























pH of test Dilution unit 
x 9 10x 20x 40x 80x 160x 320x | Control 
6.5 | a os ms per a > 
“ st a - | - + + + 
ee RM oe Si | a t ” ‘ 











medium of pH 8.0 exhibited the highest potency. On the accounts of the 
stability of this substance at acidic pH and its high activity in alkaline test 
medium, the author presumed the basic nature of this agent. 


Purification of the Active Agent 


The purification was performed as suggested by the above results and 
shown in Table V. 
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TABLE V 
The Course of Purification 


Culture filtrate (pH 7.8, dilution unit 1:320) 
2000 cc 


Acidif. to pH 5.0 and filtration 





Mycelium Filtrate 
Evaporated in vacuo to dryness 
MeOH extraction 


Centrifugation 





Insoluble residue Supernatant 
Evaporated to dryness 
MeOH extraction 


Centrifugation 





Residue Supernatant 


Added to with 10 volumes BuOH 
| 








Precipitate . iil aheithbiin 
MeOH extraction 3 a Concentration in vacuo 
Added to with 10 to BuOH Added to with 10 volumes of 
(This procedure was repeated 3 times) , ss ae 
Residue Supernatant al Precipitate Supernatant 
Dried out 


MeOH extraction 





Residue Supernatant 


| 
Added to with 10 volumes of 





acetone 
Precipitate Supernatant 
Dried out 
0.8 g 


Yellowish white powder, Dilution unit 1:256,000 
against My. phlei (crude HC! salt) 
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Culture fluids used for purification were the harvest of the surface 
culture with modified glycerol Waksman’s medium incubated for 10-13 
days. They were combined and adjusted to pH 5.0 and mycelium was 
removed by filtration. Titers of this transparent brownish beer were 
always 160-320 dilution units against Mycob. phlei. Active agent was 
adsorbed by | per cent active charcoal from culture filtrate at pH 5.0 and 
7.0, but all efforts to eluate this agent failed by any kinds of solvent at any 
pH. So the filtrate was evaporated in vacuo to dryness at pH 5.0 below 
40°C, and syrupy brownish substance was obtained. During this pro- 
cedure no loss of the activity have been shown. The residual syrup was 
extracted with anhydrous methanol of 1/100 volume of filtrate for 3 times 
repeatedly. Brownish methanol solution obtained was again evaporated 
to dryness and redissolved in methanol. This procedure was repeated 3 
times and white crystalline inorganic salts, which have no activity, were 
removed. The final methanol filtrate was dried out and redissolved in 
methanol and then 10 volumes of butanol was added. Inactive brownish 
materials were precipitated and active agent remained in supernatant. 
Then it was concentrated and precipitated again by addition of 10 volumes 
of acetone, and active precipitate was desiccated in vacuo on P,O; and 
dissolved again in anhydrous methanol and precipitated by aceton (yield was 
40 per cent in average.) Whitish yellow powder thus obtained was active 
against Mycob. phlei 1: 250,000. Further purification procedure was made 
with methylorange. Saturated methylorange solution was added to an- 
hydrous methanol solution of this crude substance. Occurring precipitate 
was dissolved by warming it at 70°C. If the solution was allowed to cool, 
it was able to induce them to a crystalline helianthate in a pretty needle 
form and recrystalization was repeated with water. This salt showed 
a decomposition point of 243-247°C. The conversion to hydrochloride 
was made by dissolving them in 50 volumes of anhydrous hot methanol and 
acidified by addition of conc. HCl to pH 4.0. After 48 hours, purple 
precipitate was filtered off and washed with acidic methanol. The filtrate 
and washing were combined and concentrated. In order to precipitate 
the active agent, equa] volume of ether-acetone mixture was added to this 
concentrated methanol solution, and the active precipitate was separated 
by centrifugation. The hydrochloride thus obtained was further purified 
by dissolving it in anhydrous methanol and by precipitating it with acetone- 
ether mixture. This HCl salt, being a white but amorphous powder, 
assayed 640,000—1,280,000 dilution unit against Mycob. phlei. The course 
of this procedure was shown in Table V and VI. Antibiotic spectra of the 
crude hydrochloride and crystalline helianthate shown in Table VII. 
Crude powder was inhibitory upon B. anthracis 1: 2,000, B. subtilis (NRRL- 
B558) 1: 1,000, but it was not active upon Gram-negative bacteria at 
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TABLE VI 
Isolation of Crystalline Helianthate and its Conversion to Hydrochlic Salt 


1 g Crude HC! salt 





(256,000 unit/g) 1 g Methylorange 
Dissolved in Dissolved in 
10 cc absolute MeOH 10 cc hot water 
| | 
Mixture 


| 
24°C. 124hrs 


Filtration 


Precipitate Supernatant 








Dried out 
| 
Helianthate crystal 1.27 g 
(162.560 unit) 
d.p. 243-247° C 
Crystalline helianthate 800 mg 
| 
Dissolved in warm absolute MeOH 


| 
Made to pH 4.0 (cone HC}) 
occasionally shaken (48 hrs.) 





Residue Filtrate 
Evaporated in vacuo 


Added to with equal volume 
acetone and ether 





Precipitate Supernatant 


| 
Dissolved in MeOH 
| The procedure repeated 4 times 


Addition of ether-acetone 





Precipitate Supernatant 
Dried 
| 
HC] salt (640,000—1,280,000 unit) 


1,000 dilution unit. Mycob. phlei was the most sensitive and inhibited in 
1: 256,000, Mycob. tuberculosis (human type Aoyama B) in 1: 40,000 (using 
Dubos’ medium, 7 days incubation). Antibacterial activity of crystalline 
helianthate was almost the same and rather lower than that of crude 
powder. HCI salt converted from crystalline helianthate have the potency 
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TABLE VII 
Antibiotic Spectra of the Crude Powder and Crystalline Helianthate 

















Dilution unit 
Tae eens Crude Crystalline 
powder helianthate 

Staph. aureus (Terashima) <1,000 <1,000 

Head. Staph. aureus (209-P) <1,000 <1,000 

eral Bac. subtilis (NRRL-B 558) 1,000 <1,000 

ene ee Streptoc, hemolyticus <1,000 <1,000 

. Diploc. pneumoniz <1,000 <1,000 

Bac, anthracis 2,000 <1,000 

E. coli ; <1,000 <1,000 

Sal. typhosa <1,000 <1,000 

a“ Sal. paratyphosa A <1,000 <1,000 

negative Sal. paratyphosa B <1,000 <1,000 

“i eer Alkaligenes faecalis <1,000 <1,000 

KI. pneumoniae <1,000 <1,000 

Bac. paradysenterie <1,000 <1,000 

Ps, pyocyanea <i; <1,000 

Mycob. phlei 256,000 123,000 

~162,560 

Acid-fast Mycob, smegmatis 20,000 16,000 

bateria Mycob, avium 4,000 1,000 
Mycob. tuberculosis 

(human type, Aoyama B) 40,000 20,000 











of 1: 640,000-1: 1,280,000 against Mycob. phlei, of 1: 10,000 against Mycob 
smegmatis, of 1: 160,000 against Mycob. avium and of 1: 100,000-200,000- 
against Mycob. tuberculosis (human type, Aoyama B). 


Chemical Properties 


Crude HCI salt, being tested on the following several chemical reac- 
tions, gave negative results at all. 


1. Biuret reaction -- 6. Hopkins-Cole’s reaction — 
2. Xanthoproteic ,, 7. Molisch’s ‘9 — 
3. Millon’s ss ~ 8. Glucosamin i — 
4. Sakaguchi’s is _- 9. Maltol ie — 
5. Vole’s sulfur ,, — 


Toxicity Test 


The crude substance (25,000 dilution units per milligram) was dis- 
solved in amounts of 10 and 20 mg. each in 0.2 cc. physiological saline, and 
injected into 2 mice, weighing 16-17 g. in average, intramuscularly and 
intravenously. Just after the injection of 20 mg. of crude substance in- 
travenously some shock symptoms were caused, but it was soon recovered, 
and all of them lived healthy over 2 weeks. Injection of 10mg. pure 
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hydrochloride (640,000-1,280,000 dilution unit.) also showed no toxic 
signs. 


SUMMARY 


A basic antibiotic, active selectively against acid fast organisms, was 
isolated in a crystalline helianthate (d.p. 243-247 C), from the filtrate of 
Str. aureus, No. 364. The converted hydrochloride was also highly active 
against Mycob. tuberculosis (human type) in Dubos’s medium, and showed 
no toxicity to mice. 


The author wish to express my appreciation to Prof. M. Kuroya for his 
many kind criticism and suggestions in connection with this work. 
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Genetical Studies on Skin Diseases 
VI. Ehelides inversa (Siemens) 
By 


Yoshio Yoshida 
HA BR) 


(From the Department of Dermatology, Faculty of Medicine, 
Tohoku University, Sendai. Director: Prof. M. It6) 


(Received for publication, October 11, 1951) 


Report of Cases 


Case 1.—K. T., a schoolboy, aged 17, suffered from pigmentary 
spots on the face, hands and feet. A few years after birth, the pigmenta- 
tions first appeared on the lips and grew more marking gradually. In the 
school age he noticed pigmentations on the other parts of the body. Among 
his eight brothers and sisters, an elder sister, aged 25, suffered from high- 
grade freckles. There has been no disturbance in general health. 

Status presens: There are typical freckles on the face. Most cha- 
rakteristic is the pigment spots on the lips (Fig. 1) and buccal mucosa. 
They consist of numberous macules of dark brown or black colour, varying 
from 1 to several millimeters in diameter. Similar pigment spots, but in 
smaller size, are found on the hands and feet excepting insteps. They 
are most densely distributed on the volar side of the forefingers and thumbs, 
especially on their finger tips. But there is no abnormal pigmentation on 
the other parts of whole body. 

Case 2.—T. K., an electric workman, aged 22, showed similar pig- 
mentations as case 1. His pigmentary spots on the lips were noticed soon 
after birth and on the hands and feet at the age of three years. His 
parents, brother and sister present no pigmentary disturbance such as 
freckles. 

Status presens: The distribution and characters of pigmentation as in 
case 1 (Fig. 2). And moreover, he has melanosis sklerae and lentigos 
on the back, hip, left forearm, penis and anal region. 

Case 3.—T. I., a wife aged 31 had been noticed the pigmented spots 
on the under lip and buccal mucosa from her childhood. Her parents are 
related by blood. One of her brothers showed similar pigmentation on 
the underlip and her second daughter presented similar pigmented macules 
on the underlip and buccal mucosa (Fig. 3). 
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Fig. 1 (case 1). Photograph showing characteristic pigmented macules on the lips. 





Fig. 3. Pedigree of case 3. 






































Genetical Studies on Skin Diseases—VI 369 


Status presens: There are found typical freckles on the face and freckle- 
like pigmentation on the fingers. About ten, dark brownish, pinhead- 
sized spots on the underlip and three similar spots, but in larger size, on 
the buccal mucosa are admitted. 


Histology 


1) Case 1. A section removed from the volar side of left forefinger, 
shows the basal layer which contains numerous melanin granules. They 
are richest in crista profunda intermedia and some of basal cells present 
the form of dendritic cells. No melanin granules in derma. The nerve 
fibre staining preparates by Bielschowsky-Seto method show that there 
are rich in the nerve organs corresponding to this location, fingertip. 
Wagner-Meissner’s, Vater-Paccini’s corpuscles and some intraepidermal 
nerve fibres are admitted. A section from the underlip shows normal 
horny and granular layer but with somewhat irregular epidermal processes. 
Basal layer is laden with little pigment granules and somewhat disordered. 
Chromatophores are increased in number in the upper dermal layer. But 
there is no vevus-cell. 

2) Case 2. A section from the volar side of the left little-finger pre- 
sents the similar changes as in case | (Fig. 4). Section obtained from the 
underlip shows some intraepidermal vaculoes, polychromasia of prickle- 
cell and irregular epidermal processes. Basal layer is laden with little 
melanin granules and some granules reach to the prickle layer. Chromato- 
phores in the upper dermal layer take rounder form than those in case 1 
and some of them present the figure like as so-called ‘‘ Abtropfung” of 
the basal cell. But I cannot conclude that they are the typical nevus- 
cells. 


Fig. 4 (case 2). Section from the volar side of the left little-finger. Bielschowsky-Seto’s 
staining. Wagner-Meissner’s corpuscle is observed. 
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COMMENT 


I collected 11 cases similar to above mentioned from the literature 
and summarized in Table I. Siemens diagnosed Foerster’s!) case and his 
three cases as new type of freckles and named them “‘ ephelides inversa.”®) 
But I can find only one case by Szantd,*’ whose onset was very tardy, cor- 
responding with this new type in foreign literature since that time. In 
Japan, on the other hand, I find six cases*’®’®) including three cases by 
myself. K. Kitamura mentioried at the 49th meeting of Japanese dermato- 
logical association that he had experienced one or two unreported cases 
of this type. It has been called attention that pigmentary diseases are 
more frequent in the yellow race than in the white and black races. This 
disease may be not so rare in our race too. 

In these cases, the lesions are not always circumscribed to the area 
exposed to the light and heat of the sun. Siemens payed special atten- 
tion to this fact and gave the important role to the inheritance in the patho- 
genesis of freckles. But his diagnosis, “‘ephelides inversa’’, become a sub- 
ject of discussion. In the majority of these cases, high-grade freckles were 
noticed in the member of the families. And I think that Siemens’ no. 4 
case can be diagnosed as typical freckles judging from his description and 
photograph. From these facts, Siemens’ diagnosis may partly be justifi- 
ed. But he thought it possible to differentiate ephelides and nevus spilus 
clinically and genetically. So he made his cases including no. 4 and 
Foerster’s case the difference of degree in ephelides inversa. I cannot 
agree with him in this point. I think that Foerster’s case nearly relate to 
nevus spilus rather than to ephelides. We experience sometimes the cases 
which make it defficult to differentiate between ephelides, nevus spilus 
and lentigines. And in these cases, family histories and histological find- 
ings cannot take a conclusive role. From above mentioned, I agree with 
Meirowsky”’ who admitted the existence of transitions between ephelides 
and nevus spillus. 

At all events, I cannot neglect the close relations between these cases 
and ephelides. And so, after admitting the existence of the transitional 
type, I agree with Siemens’ naming, “ ephelides inversa.”’ 

About the pathogenesis, the word of “‘ atavism’’ was used by the 
authors, who diagnosed the case as nevus spilus. But this word, which 
had been misunderstood before the rediscovery of Mendel, cannot explain 
the pathogenesis. Thus, this problem remains unsolved. But about the 
special distribution of this pigmentations, I want to call attention to the 
fact that the lips, palms and soles coinside with each other about the con- 
ditions of horny layers and sensory nerves. 


Anyway, we must pay attention to the next facts: (1) ‘* Hetero- 
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chromie ”’ has the danger of malignant change, (2) the localization of pig- 
ment spots in these cases coinsides with the site of predilection of melano- 
carcinoma and (3) these regions are exposed to the external irritations at 
al] times. 


SUMMARY AND CONCLUSIONS 


Three cases with the pigmentations in the face, lips, buccal mucosa, 
hands and feet were reported. 

Similar cases were collected from the literature, and discussed their 
relations with ephelides and nevus spilus. 

Admitting the existence of transitional form between ephelides and 
nevus spilus, I agreed with the Siemens’ diagnosis, “ ephelides inversa.”’ 
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Genetical Studies on Skin Diseases 
VII. Dyschromatosis universalis hereditaria in 5 Generations 
By 
Mitsuko Suenaga 
Am = > F) 
(From the Department of Dermatology, Faculty of Medicine, 
Tohoku University, Sendai. Director: Prof. M. It6) 


(Received for publication, October 11, 1951) 


In 1933 Ichikawa and Hiraga’) observed 7 cases of dyschromatosis 
symmetrica hereditaria with systemic eruption in two families and proposed 
for this the naming of dyschromatosis universalis hereditaria. Recently 
I observed a family in which this condition occurred in 5 generations. 
The two members of this family are reported in the following. 


Case REPORT 


1. 7 years old boy. Date of primary consultation Nov. 1949. In 
familial history similar disease is observed in mother, aunt, grandmother 
and grandgrandfather of mother side (Fig. 1). The pigmentary disturb- 
ance was first noticed 1 year after birth first on the abdomen, back, back 
of hands, which then progressively extended to the almost entire body 
surface. ‘ 


Fig. 1. Pedigree of case 1. 
t Tt 
set a 


67 | 60 





32]] 41 38 35¢case2) TF 


7? (case) 


Status: A meagre, poorly nourished child, with anemic appearance. 
Intelligence normally developed. The skin is generally dry, soft and thin. 
On almost whole body except for the face, markable pigmentary disturb- 
ance is noticed. This consists of miliar or pea-sized zick-zack bordered 
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pigment spots varying frSm deep to light brown in color. They are dis- 
seminated in irregular arrangement. Pigment spots are most prominent 
on the abdomen (Fig. 2) and back and become less intense on the frontal 


Fig. 2 





and inner surfaces of thighs, back of hand, axillae, nape, leg, hind faces 
of thighs, upper extremities, volae and palmae successively. On vola 
and palm only few light brown spots are seen. The face is almost free 
from eruption except for preauricular regions. On the back and abdomen, 
where the pigmentation is most intense, depigmented spots which are 
almost same sized or somewhat smaller than pigment flecks are mingled. 
Neither abnormalities in the developement of hair, teeth, nor pigmentation 
on the visible mucous membrane. Subjective complaints are lacking. 
The color tone of these exanthemas presents no seasonal variation in con- 
trast to freckles. Outside of the cutaneous eruption the child is suffering 
from caries of dorsal spine and presented coxae valgae and symptoms of 
compressionsmyelia. Albumine in urine positive, porphyrine negative. 
The shortest peroxidase time of peripheral leucocyte 7 seconds (more than 
twice as long as the avarage of normal children of same age). Erythrocyte 
sedimentation rate 21 mm. Wassermann reaction negative. Cutaneous 
indophenole reaction of Rotter 16 minutes. Positive pilocarpine reaction 
and Aschner’s reaction indicate vagotonic stage of vegetable nervous 
system. 

2. 35 years old female. Mother of case I. Constitution normal. 
Onset of the disease, the site of initial eruption the same as the case 1. 

















ch 


th 
pr 


fo: 


nt 
al 


os 





as 





Genetical Studies on Skin Diseases—VII 375 


As she grew older, palm, sole and the face became involved. The patient 
shows the darker complexion and pigment patches and leucoderma 
which are more numerous in number, are more markable than that of the 
child. Shortest peroxidase time of peripheral leucocyte 5 seconds (normal 
3-4 seconds). Aschner’s reaction negative. Porphyrine in urine negative. 


CoMMENT 


In the comment on the pathogenesis of this disease, it must first be 
made clear whether this is a variety of dyschromatosis symmetrica here- 
ditaria or not. Dyschromatosis symmetrica hereditaria®) is a peculiar 
pigmentary disturbance characterized by spoted pigmentation mingled 
with depigmentation at the end of extremities, and at the same time by 
small pigment spots similar to preckles on the face. Familial occurrence 
and heredity are often observed. So in many respects it quite resembles to 
xeroderma pigmentosum. However, we can distinguish the former from 
the latter by the lack of atrophy and by more stationary course and benign 
prognosis. In foreign literature similar occurrence is not met with except 
for occasional report of generalized eruption in cases of freckles and xero- 
derma pigmentosum. This may be due to the fact that in white races 
depigmentation is not prominent because of the physiological pigment 
poorness. In the physio-genetical study of skin diseases, Prof. It6 sum- 
marized dyschromatosis symmetrica heredicaria and xeroderma pigmen- 
tosum as well as freckles in a polymeric dominant group caused by common 
genotype of photosensitivity. He attributed the difference of phenotype 
to the individuality in the factors of photosensitivity. 

In the cases presented here, the causal relationship with ultraviolet 
ray is by no means ascertainable. So it cannot be enlisted in the same 
genetical group with dyschromatosis symmetrica hereditaria in spite of 
markable similarity in clinical appearance. Anyway further investiga- 
tions are required to solve this problem. 

In this connection there is an interesting observation of Prof. Ité6.® 
It is a case of 66 years old farmer from consanguine parents. In one of his 
daughters numerous freckles are noticed on the face and back of hands. 
In 5 years of age, freckles began to appear on the face. After 12-13 years 
of age, when he used to work in the field markedly in the warmer time of 
the year, similar eruption extended on the whole exposed area. Upon 
consultation, markable senile atrophia and pigment spots as well as de- 
pigmentation are noticed. On the face, breast teleangiectasia is observed. 
Thus the entire skin surface except for the lower abdomen, genital region, 
presented singular appearance resembling leopard’s skin. Cilia and eye- 
brrows are lost. Nails are concave deformed and hypertrophied. Por- 
phyrine in urine negative. This case is reported by Prof. It6 under the 
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> 


title of ‘‘ Landmannshaut Jadassohn’’ or a singular type of xeroderma 
pigmentosum. This case, too, in spite of certain resemblance in clinical 
appearance, cannot be identified with mine because of the predominance 
of photodynamic influences. 


SUMMARY 


1. Two familial cases of dyschromatosis universalis hereditaria are 
reported. 

2. In the same family the occurrence of similar dermatoses is noted 
in five generations. 

3. Unexposed parts of the body is as strongly affected as the exposed 
area. And even the palm and sole are involved. 

4. The pigmentary disturbance is caused by genotype with epistases 
of some other factors than photosensitivity. 

5. Thus the relationship with dyschromatosis symmetrica hereditaria 
is rejected in spite of clinical resemblance. 
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Studies on the Temperature of the Gastrointestinal 
Tract 
Third Report: 
Effects of Cooling and Warming the Epigastrium on the Intragastric 


Temperature 
By 
Hisayuki Masuda, Mitsuo Ohara and Shigeaki Katsura 
( HH AZ) (K It FE HE) ( Hh iif) 


(From the Medical Clinic of Prof. T. Kurokawa, Tohoku 
University, Sendai) 


(Received for publication, October 26, 1951) 


In the previous study”) on the influence of bathing on the intragastic 
temperature, the necessity was expressed for researches on the changes of 
the said temperature by local cooling and warming of the epigastrium, 
which are also clinically interesting. This paper concerns such an in- 
vestigation. 

The few literatures of the said study fall within two groups, one which 
reports changes in the intragastric temperature®”)5) and the other which 
opposites such changes.®”) No uniform views have been given. 


EXPERIMENTAL 
Methods 


32 experiments were performed on the 19 healthy adults (14 men 
and 5 women). After the intragastric temperature at 60cm. from the 
incisor of the upper jaw was measured in the fasting state at least 4 hours 
after meals, a thin rubber bag filled with water was applied directly on the 
epigastrium or the left breast (the heart area) for 30 minutes. For these 
30 and more minutes after the bag was removed, the intragastric tempera- 
ture was continuously measured. The temperature of the water in the 
bag, being controlled by the mercury thermometer introduced into it, was 
kept at 0°C in case of cooling and 46-50°C of warming. Another mercury 
thermometer, inserted between the bag and the underlying skin, showed 
4-8°C in case of cooling and 45-47°C of warming. The skin surface 
occupied by the overlying bag was 12cm. in diameter. As above men- 
tioned, cooling and warming of the epigastrium and cooling of the heart 
area were respectively made on 8 individuals. As a control the intragastric 
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temperature was measured only by introducing the thermometer in their 
stomachs for 30 minutes. The intragastric thermometer used was the one 
described in the Ist report.!) The room temperature under which the 
experiments were performed was in the range between 18 and 22°C. 


Results 


Changes of the intragastric temperature of 8 individuals by cooling 
the epigastrium are given in Table I and Fig. 1. In Fig. 1 the changes 
of the intragastric temperature were taken as the ordinate and the time in 
an interval of 5 minutes as the abscissa, and the maximums, minimums and 
means of each 5 minutes are plotted. The results of each of the 8 cases by 


TABLE I 


Statistic of Measurements of the Intragastric Temperature 
Before, During and After Cooling the Epigastrium 















































ie Before During cooling (minutes) After cooling (minutes) 
— 10 | 20 | 30 10 20 30 
pe? °C omar ~ 6 a oe om ~ ~ °C °C oc oy @} 
1 bs ps 0.05 —0.05 —0.10 —0.10 —0.15 0 
2 37.0 —0.25 —0.30 —0.45 —0.70 —0.35 —0.30 
3 37.4 —0.05 | —0.10 | —025 | —015 | —0.35 —0.25 
4 37.6 —0.05 —0.35 | —0.50 —0.40 —0.30 —0.30 
5 37.1 0 —0.10 | —0.20 —0.25 —0.25 —0.25 
6 37.3 —0.05 —0.20 —0.25 —0.15 —0.15 —0.15 
10 37.4 0 —0.15 —0.25 —0.35 —0.35 —0.35 
11 37.4 —0.05 —0.20 —0.30 —0.30 —0.30 —0.30 
Sum 298.4 —040 | —1.45 | —230 | —240 | —2.20 —1.90 
Mean 37.30 —0.05 —0.18 f= 0.29 —0.30 —0.28 —0.24 
«During cooling— «After cooling 
+0.1°C 4 
c. 0 
2 —0.2, 7 
op 
§ —04 4 
5 -05 4 
—0.6 
—0.7 a st 











0 10 20 30 10 20 30 
Time (minutes) 
Fig. 1. The relation between changes of the intragastric temperature 
during and after cooling the epigastrium with time. Three lines represent 
the maximum, minimum and mean of the changes respectively. 
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warming the epigastrium, cooling the heart area and of the control are 
shown in Tables II, III and IV and Figs. 2, 3 and 4 as before. 


TABLE II 


Statistics of Measurements of the Intragastric Temperature 
Before, During and After Warming the Epigastrium 





























mu Before During warming (minutes) | After warming nh eset 
warmeng i | 2 | 3 | 10 | 2 | 30 
eT Sa ees ee 7c 
1 37.1 0.05 | 0.10 0.15 | 0.05 | 0 0 
r 4 36.9 0 | 0.10 | 0.10 | 0.05 | -—0.10 | -—0,10 
37.0 0.05 | 0.05 0.10 | 0.15 | 0.20 | 0.20 
4 37.3 —0.05 0.05 0.10 Oo | -0.15 | 0.25 
12 37.5 0.05 | 0.10 | 0.15 | 0.10 | 0 | =0.20 
13 37.4 0.05 | 0.10 | 0.15 | 0.15 0.15 | 0.15 
14 37.2 —0.10 0.05 | O10 | O10 | 0.10 | 0.10 
15 37.1 Oo | 0.05 0.10 0.10 | 0 | 0 
$$ | $$ $$ | —__}— — oe ——— 
Sum 297.5 0.05 | 0.40 | 0.95 | 0.70 | 0.20 —0.05 
Mean 37.19 0.01 | 0.05 | 0.12 | 0.09 | 0.02 | —0.01 
«During warming— After warming 
& +0.2°C 4 EE 
oe 
= +0.1 7 a ee 5 
A 
= 0 ra ae 
° —0.1 | a ee 
2 :-02 4 
a —0.3 _ T T T T i J T 


0 10 2 30 10 2 30 
Time (minutes) 


Fig. 2. The relation between changes of the intragastric temperature 
during and after warming the epigastrium with time. 


DISCUSSION 


In the control group (Fig. 4) the intragastric temperature changed 
within 0.10°C for 30 minutes by introducing the thermometer in the 
stomach but statistically significant changes were not seen, for its changes 
were not uniform in their directions and became almost 0°C in their 
averages. The intragastric temperature has a diurnal variance as de- 
scribed in the Ist report,!) but does not change significantly for at least 
30 minutes by introducing the thermometer in the stomach. 

The change of the intragastric temperature in the course of cooling 
the epigastrium did not differ significantly from the control within the first 10 
minutes, but after 15 minutes it fell significantly, after 20 minutes in all 
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TABLE III 


Statistics of Measurements of the Intragastric Temperature 
Before, During and After Cooling the Heart Area 









































Before During cooling (minutes) After cooling (minutes) 
No. cooling 
10 20 30 10 20 30 
is, * be "—:  & 7 a "—. 
1 36.8 0.10 —0.05 —0.15 —0.25 —0.10 —0.05 
2 37.1 0 —0.05 —0.15 —0.20 —0.15 —0.10 
3 37.3 0 —0.05 —0.05 —0.05 —0.05 —0.05 
6 37.1 —0.05 —0.15 —0.15 —0.20 —0.25 —0.20 
16 37.6 —0.15 —0.25 —0.35 —0.25 —0.25 —0.15 
17 37.1 0 0 —0.10 —0.15 0 0.15 
18 37.1 0.05 —0.05 —0.05 —0.10 —0.15 —0.15 
19 36.9 0.05 —0.05 —0.10 —0.10 —0.15 —0.20 
Sum 297.0 0 —0.15 —1.10 — 1.30 —1.10 — 1.05 
Mean 37.12 0 —0.08 —0.14 —0.16 —0.14 —0.13 
«During cooling— «After cooling—> 
é +0.2°C 4 - 
o +0.1 4 Fo 
a) 0 le. a 
i) a? ee 
a —0.1 7 in 
7) ‘ —————— 
£ -02 7 
A} —0.3 7 oe wari 
—0.4 ‘ Ls , , LJ , - J Ls 








0 10 20 30 n;' 2 .®® 


Time (minutes) 
Fig. 3. The relation between changes of the intragastric temperature 
during and after cooling the heart area with time. 


cases as seen in Fig. 1 and after 30 minutes the average fall was 0.29°C. 
In the course of 30 minutes after cooling was finished its changes were not 
significant, owing probably to the after-effect of cooling. 

The changes of the intragastric temperature in the course of warming 
the epigastrium did notdiffer significantly from the control within the first 20 
minutes showing both rises and falls as seen in Fig. 2, but after 25 minutes 
it rose significantly and after 30 minutes the average rise was 0.12°C showing 
rises in all cases. In the course of 30 minutes after warming was finished 
it fell in average but not significantly as it rose in a part conversely. 

As already mentioned there are two groups of literatures, one report- 
ing the changes of the intragastric temperature and the other opposing 
such changes, but the methods, temperatures and times of cooling and 
warming must be examined as stated above. Under the conditions of our 
experiments the intragastric temperature actually fell by cooling locally 
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TABLES IV 


Statistics of Measurements of the Intragastric 
Temperature of the Control 









































After introducing thermometer (minutes) 
No, 
0 10 20 30 
°C °C °C °C 
1 37.5 0.05 0.10 0.05 
2 37.0 0 —0.05 0 
3 37.4 0.05 0 0 
4 37.9 —0.05 —0.05 —0.05 
5 37.2 —0.05 0.05 0.10 
7 37.6 0.05 0.10 0.05 
8 37.3 —0.05 —0.05 —0.05 
9 37.8 —0.10 —0.10 —0.10 
Sum 299.7 —0.10 0 0 
Mean 37.46 | —0.01 0 0 
a. +0.1°C 9 
E 
& 
2 . 
s 
$01 4 
g 
5 
T T T T T T 
0 10 20 30 


Time (minutes) 
Fig. 4. The relation between changes of the intragastric temperature 
during only introducing the thermometer into the stomach with time. 


the epigastrium and rose by warming. The fall by cooling was greater 
and more rapid in coming out than the rise by warming. It seems to be 
due to the fact that the difference between the body temperature and the 
temperature of cooling was about 4 times that of warming. However, the 
relation between those differences and the changes of the intragastric tem- 
perature is so different by cooling after warming that the mechanism of 
the body reaction to cooling seems to differ from that to warming. 
Among the factors causing the fall of the intragastric temperature by 
cooling, at first a process per continuitatem and one through the blood 
circulation seem to be important. To distinguish these processes, the heart 
area was cooled under the same conditions as the epigastrium. The changes 
of the intragastric temperature in the course of cooling the heart area 
did not differ significantly from the control within the first 10 minutes, but 
after 15 minutes it fell significantly, after 25 minutes in all cases as seen in 
Fig. 3 and after 30 minutes the average fall was 0.14°C. In the course 
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of 30 minutes after cooling was finished its changes were not significant. 

Next comparison was made of both cases by cooling the epigastrium 
and the heart area. Significant differences were seen between the types 
(time series) of the fall of the intragastric temperature of the two methods 
as observed both from the values before cooling and in the course of 5 and 
10 minutes and from those before and 10 and 30 minutes; and between 
the means of the fall in the course of more than 15 minutes as reached 
after 30 minutes 0.29°C by the epigastrium and 0.14°C by the heart area. 
Accordingly it is certain that the process per continuitatem takes a great 
part in the case of cooling the epigastrium. But the fact that the in- 
tragastric temperature also fell by cooling the heart area and rose 0.40°C 
by submerging only the legs for 8 minutes into hot water at 44°C as de- 
scribed in the 2nd report,?) the process through the blood circulation un- 
doubtedly plays a part. In short there seems to be the processes both per 
continuitatem and through the blood circulation in the fall of the in- 
tragastric temperature by cooling the epigastrium. In the rise of it by 
warming the processes as above will take part. 


SUMMARY 


Studying the changes of the intragastric temperature by locally cool- 
ing and warming the epigastrium and cooling the heart area, the following 
facts were confirmed. 

1. The intragastric temperature does not change significantly for 
at least 30 minutes by introducing the thermometer in the stomach. 

2. It falls by cooling the epigastrium and rises by warming. 

3. It falls also by cooling the heart area, but its fall is smaller than 
by the epigastrium. 

4. The processes both per continuitatem and through the blood 
circulation play an important role in its fall by cooling the epigastrium. 
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We have been endeavouring recently to study on the neurohumoral 
regulatory function upon the defense mechanism of the body. 

Since the works done by Cannon and Selye etc. the defense unit 
of the body has been emphasized to be regulated by the neural or humoral 
control mechanism in the body. 

In this report we are going to report on our research works concerning 
the control mechanism of the body over the phagocytic and motility func- 
tion of the white blood cells. ° 

Kubo and Kuroyanagi in our clinic found recently that peni- 
cillin, when injected in the human or animal, has, besides well known 
strong bacteriostatic activity, a marked promoting action to the phagocytosis 
and motility of white blood cells. Namely, the penicillin-injection to 
the animal or human in the medical dosis causes a temporary increase of 
phagocytic and motility function of white cells which reaches the maximum 
in one to two hours after the injection and returns to the former level in 
about three hours, as Table I and Fig. 1 show. 

Rabbit weighed about 2 kg. was used in this experiment. Phagocytic 
function for the indianink was estimated by the Sugiyama’s formula. 
300 units per kg. penicillin was injected subcutaneously. 

As the control we injected 0.5 cc. per kg. physiological salt solution 
subcutaneously and estimated the phagocytic function of the white blood 
cells (pseudoeosinophils) of the rabbit continuously as in the proper ex- 
periment. As the Table II shows the phagocytic function showed no 
significant change during three hours of observation. The motility of the 
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TABLE I[ 


Effect of Penicillin Administration on the Phagocytosis of White 
Blood Cells in Normal Rabbit 














saree <5 pngneyeres Number of | Average Percentage of 
0 1 2 3 4 white grade of average grade of 
cells phagocy- phagocytosis 
examined tosis (control 100%) 
- r + + tt ; 
Control 21 40 23 13 3 100 1.37 100% 
th 30 | 31 | 26 | 12 | 1 100 1.23 90 
lh 19 9 30 33 9 100 1.48 108 
2h 19 9 30 33 9 100 2.04 149 
3h 26 38 24 ll 1 100 1.23 90 


























Fig. 1. Graphic demonstration of Table I. 
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white cells (amoeboid motion) is also measured by Sugiyama’s formula. | 
Time of observation 3—4 minutes, number of white cells observed is 20-25 

and the blood preparation is examined five times (before the injection, 1, | 
3, 6 and 24 hours after the injection). The difference of the range of | 
physiological motility of individual white cell in the normal rabbit in a 
day is between 2 and 4 pz. 

In the vitro experiment, however, the added penicillin to the blood | 
in the test-tube in a same concentration as in the body causes no change in | | 
the activity of the white cells. It is also testified that sodium citrate used 
as an anticoagulant has no effect to the white cell activity. 
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TABLE II 


Effect of Administration of Physiological Salt Solution on the 
White Blood Cells in Normal Rabbit (control experiment) 














| pennant tintin Number of | Average Percentage of 
| 0 , | 2 | 3 4 white grade of | average grade of 
cells phagocy- phagocytosis 
. _ ws | a | pe examined tosis (control 10022) 
Control} 24 35 27 12 12 100 1.33 100 
4 23 39 26 11 11 100 1.28 96 
lh 25 34 26 12 12 100 1.34 101 
2h 25 32 27 13 13 100 1.37 103 
3h 23 34 26 12 12 100 1.32 99 

















Fig. 2. Graphic demonstration of Table II. 
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It is clear from these experiments that the penicillin injected to the 
body has a promoting effect on the white cell activity. 

We were interested to know eagerly the mechanism through which 
the white cell activity was promoted by the penicillin in the body. As 
a clue to learn that mechanism, we paid attention to the function of carotid 
sinus body for the present, because it is generally accepted that the carotid 
sinus body is a strong chemo- and presso-receptors and that the extirpa- 
tion of the carotid sinus body has a noticeable influence upon the autonomic 
balance of the body. 

We tried to find out whether the extirpation of the carotid sinus body 
had any influence upon the said penicillin activity to the white blood cell 
function. 

First, we extirpated the carotid sinus bodies of the rabbit and examined 
thereafter the white cell activity for a certain period without use of penicil- 
lin. But we couldn’t find any definite change in the white cell function. 
Then we injected penicillin to the same operated rabbit and examined the 
white cell activity, comparing with that before the extirpation of the 
carotid sinus bodies. And we could confirm that the promoting in- 
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Fig. 3. Effect of penicillin administration on the phagocytosis of white blood 
cells before and after (dotted line) the extirpation of carotid sinus bodies. The 
average grade of phagocytosis is demonstrated as compared with that (100% 
before penicillin administration. 


40 














fluence by the penicillin-injection to the white cell activity could no more 
be found after the carotid sinus body extirpation (Fig. 3). 

As one of the possible explanation for this result we can presume that 
the injected penicillin caused a centripetal impulse through the receptor 
organ in the carotid sinus body which reflexly activated the white cell 
function humorally or neurohumorally through some peripheral organs. 

Benetato and Hess (1945) published an opinion that the activation 
of the white cell function which they observed in the stimulation experi- 
ment of the hypothalamus seemed to be caused by some activator sub- 
stances liberated from the spleen. Their view coincides to some extent 
with ours. 

As the mesenchymal defense unit organs we would like to take also 
liver or spleen etc. into consideration in this mechanism. So as a next 
step we examined penicillin influence on the white cell function in the 
patients with disturbed liver functions. 

The average phagocytic function of white blood cells in liver patients 
is not greatly different from that in normal adults. The activation in- 
fluence of the penicillin on the white cell function is, however, remarkably 
reduced in the patient with disturbed liver functions (Fig. 4). We also 
observed that the reduced activation influence by penicillin on the white 
cell function was increased gradually with the improvement of liver func- 
tions by the treatment. 

In the experimental liver disturbances of the rabbit caused by CCl, 
olive-oil injection we also confirmed that the penicillin activation effect 
upon the phagocytic function of the white cells was markedly decreased 
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Fig. 4. Effect of penicillin administration on the phagocytosis of white 
blood cells in patients with liver disturbance. The average grade of phagocytosis 
is demonstrated as compared with that (100%) before penicillin administration. 
Except Case 5 (the grade of liver dysfunction is the slightest) the phagocytic func- 
tion of white cells is not accelerated. 
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or entirely disappeared (Fig. 5). 

It has been clarified from these experiments that the penicillin has, 
not only its proper bacteristatic activity, a beneficial effect in favour of the 
body by activating the white cell function. This finding must be bared in 
mind for physicians in the chemotherapy. 

The defense mechanism of the body against various kinds of stresses is 
of course very complicated and our findings are only a clue to them. We 
should like to continue our studies further in details from the stand point 


Fig. 5. Effect of penicillin administration on the phagocytosis of white 
blood cells in rabbit with experimental liver disturbance. The average grade 
of phagocytosis is demonstrated as compared with that (100%) before penicillin 


administration. 
a aes oe before liver disturbance 
2 a rer aan after liver disturbance 
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of neuro-humoral system. 


SUMMARY 


1. We found that the penicillin injection in the animal and in the 
human causes a marked activation of white blood cell function (phagocy- 
tosis and motility). 

2. After the extirpation of the carotid sinus bodies, this penicillin 
action on the white cell function is markedly reduced or entirely dis- 
appeared. 

3. In vitro experiment (penicillin and fresh blood are mixed in a 
test-tube) the above mentioned activation of the white cell function can- 
not be confirmed, 

4. In the patients with marked liver disturbance the activation of 
white cell function through the penicillin injection is greatly decreased. 

5. The activation of the white cell function through penicillin is 
similarly reduced in the animal with experimental liver disturbance 
caused by CCI, olive-oil injection. 

6. The activation cf white cell phagocytosis and motility seems to 
be regulated by the neurohumoral mechanism. 
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The adrenal gland, especially its cortex, has become recently topic in 
connection with the problem between the hormon and the antibody. 

It is insisted by some investigators that the hormon liberated from 
the adrenal cortex has a strong influence on the antibody production or 
mobilization. We found that the “‘ adrex’’ (preparation extracted arti- 
ficially from the adrenal cortex in Japan) has a marked effect on the 
antibody production and mobilization. This mechanism is considered 
to be supervised by the pure hormonal control. 

Concerning the nerve supply of the adrenal gland by the splanchnic 
nerve, it is generally accepted that this nerve innervates the adrenal medulla 
exclusively. But, the nerve supply of the adrenal cortex cannot be en- 
tirely denied. We carried out the following experiments to offer a clue 
for the solution of this problem. 

Dogs were immunized with horse-serum (3 cc. of horse-serum was in- 
jected intravenously five times in every three days) and after a sufficient 
amount of precipitin had been produced, we stimulated the bilateral 
splanchnic nerves at its sectioned peripheral stump. The electrical stimula- 
tion (6 volts, coil distance 4-6cm.) was repeated ten times(every time 
consists of fifty seconds stimulation and ten seconds pause). 

The estimation of precipitin-titer as well as the examination of peri- 
pheral blood constituent were performed, respectively before the laparo- 
tomy, immediately before the splanchnic stimulation after the laparotomy, 
direct after the stimulation, and 30, 60 and 120 minutes after the sti- 
mulation. 
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Results 


Experiment I. As the Table I shows, the precipitin-titer (antibody) 
began to increase from twenty to thirty minutes after the stimulation and 
amounted from twice to four times as much as the titer before the stimula- 
tion. 


TABLE I 


The Precipitin-titer After the Stimulation of Splanchnic 
Nerves in the Immunized Dog 
(Figure indicates the grade of dilution of antibody serum) 




















After deve- : , 60 min. 120 min. 
lopment of | Direct after Direct after | 30 min. after | sterend | after end 
3 : | end of stimu- | end of stimu- : F 
immuniza- | laparotomy ati las of stimu- of stimu- 
tion ead wa lation lation 
No. 1 -— . = | 128 128 
No. 2 e4) 8 8 | 32 
No. 3 16 | 16 | 32 64 
No. 4 Fi | 32 
No. 5 | 16 16 16 32 32 32 
Se Se ae ae, s | 16 32 32 








The peripheral blood picture showed a remarkable changes, par- 
ticularly in lymphocytes. Namely, the lymphocyte was increased greatly 
in number together with development of the immunization, especially the 
large sized lymphocyte whose protoplasm became wider, brighter and 
had more granules as compared with those before the immunization. 
These lymphocytes were reduced again noticeably in number relatively and 
absolutely from thirty to sixty minutes after the end of stimulation and 
began to recover gradually in 120 minutes. 

The morphological changes of these lymphocytes were also remark- 
able after the stimulation of the splanchnic nerves: nucleus became 
pyknotic, protoplasm diminished, thus the lymphocytes became smaller 
and almost bare nuclear. These morphological changes are considered to 
show a tendency of senile and weared phenomenon and so-called budding 
off of cytoplasm. Just at that time the antibody-titer is increased to the 
maximum level. 

Discussion. We observed that the stimulation of the N. splanchnicus 
caused an increase of antibody-titer in the serum temporally in the im- 
munized dogs. 

It is well known that the splanchnic nerve supplies the adrenal medulla, 
but the nervous contro] of the splanchnic nerve over the adrenal cortex is 
not generally acknowledged. Dougherty and his coworkers published 
recently a new opinion that the lymphocyte play the most important role 
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in the immunization phenomenon as a source of antibody production and 
that the anterior pituitary-adrenocortical system has a strong hormonal in- 
fluence on this immunization phenomenon. And on the other hand, 
according to Long, the injection of epinephrine stimulates the anterior 
pituitary gland, releasing so-called ACTH. So it is not unlikely that the 
epinephrine substance liberated from the adrenal medulla may have any 
influence upon the anterior pituitary gland. 

Our experimental result that the stimulation of the N. splanchnicus 
which causes inevitably an increased liberation of adrenalin from the 
adrenal medulla gives an unnegligible change in the immunization pheno- 
menon is very much suggestive for the solution of these problems. 

We must determine now whether the above-mentioned result is 
caused by the direct effect of the N. splanchnicus or indirectly by the 
adrenal gland etc. 

Experiment II. In order to decide the role of the adrenal gland in 
the Experiment I, we ligated the adrenal veins on both sides, thus inter- 
cepting the blood from the adrenal glands and then we carried out the 
same experiment again as the Experiment I. 

The dogs were immunized previously just as the former experiment 
and then the bilateral adrenal veins were ligated in the adjacent site of the 
adrenal gland. The venous blood flow from the adrenal gland can be 
almost entirely excluded by this procedure in the dog. Then the splanchnic 
nerves were stimulated similarly as in the Experiment I. 

Result. In this experiment the precipitin-titer showed no change 
after the stimulation of the bilateral splanchnic nerves as the Table II 
indicates. 

The lymphocytes decreased slightly in absolute number in about 30 
minutes after the end of stimulation, and in stead of large sized lymphocytes 
which increased with the development of immunization there appeared 
small sized lymphocytes. But, most of these small lymphocytes are mor- 
phologically almost normal and there were no cells with pyknotic nuclei or 
bared nuclear cells or budding off of cytoplasm which were often observed 
in the Experiment I. 

The blood pressure rise which was observed during the splanchnic 
stimulation in the Experiment I was never seen in the Experiment II. 


Discussion 


We confirmed through these experiments that the antibody-titer of 
the immunized dogs were elevated by the stimulation of the N. splanch- 
nicus and that the adrenal gland played a significant role in this pheno- 
menon. 
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TABLE II 


The Precipitin-titer after the Stimulation of Splanchnic Nerves 
in the Immunized Dogs with Suprarenal Vein Ligated on 








Both Sides 
After deve- Di f 30 mi f 60 min. af 120 min. af 
lopment of irect after min, after min, after min, after 
- : end of end of end of end of 
—a- stimul. stimul. stimul. stimul. 
tion 
No. 1 16 16 16 
No. 2 4 4 4 4 4 
No. 3 8 8 8 8 8 
No. 4 16 16 16 
No. 5 8 8 8 
No. 6 32 32 32 32 

















(Figure is the grade of dilution of antibody serum) 


We think there are at least two hypothetical modes of explanations 
for these facts: 

First: The epinephrine substance liberated from the adrenal medulla 
caused by the stimulation of the splanchnic nerves affects the anterior 
pituitary-adrenocortical system, accelerating the antibody mobilization in 
the hormonal way. 

Second: ‘The stimulation of the splanchnic nerves accelerates the libe- 
ration of the adreno-cortical hormon directly or by another method which 
results in the change of immunization phenomenon. We wish to decide 
this problem by further experiments. 


SUMMARY 


1. The stimulation of the N. splanchnicus results in the temporary 
increase of the antibody-titer in the immunized dogs. 

2. The peripheral blood and especially lymphocytes show marked 
quantitative and qualitative changes with the development of immuniza- 
tion as well as after the stimulation of the N. splanchnicus in the same im- 
munized animal. 

3. After the interception of the venous blood flow from the adrenal 
gland by the ligation of the bilateral adrenal veins, the stimulation of the 
N. splanchnicus gives no significant effect to the antibody-titer and to the 
lymphocytes. 

4. We discussed on the possible roles of the splanchnic nerve and 
anterior pituitary-adrenocortical system concerning the above-said find- 
ings. 














ms 


lla 
ior 


e- 
ch 
de 














1) 
2) 
3) 
4) 
5) 
6) 





Defense Mechanism of Body and Neurohumoral Regulation 393 


References 


Selye, H., Textbook of Endocrinology, Acta Endocrinologica, Montreal, 1949. 
Dougherty, T. F. and White, A., Endocrinol., 1945, 36, 16. 

Ehrlich, W. E. et al., J. Exper. Med., 1946, 83, 373. 

Long, C. N. H., Bull. New York Acad. Med., 1947, 23, 260. 

Okinaka, S. and Mori, K., Klin. Wschr., 1939, 931. 

Long, C. N. H., Federation Proc., 1947, 6, 461. 




















Th 


e 
d 
7 
f 

















The Tohoku Journal of Experimenta! Medicine, Vol. 55, No. 4, 1952 


Studies on Brain Stem (I) 

On the Course and Connections of the 
Intrapontine Facial Nerve in Human 
Adult 
By 
Shigeaki Yamamoto 
(Hy A TE 3é) 

(From the Anatomical Laboratory of Prof. H. Seto, Faculty 
of Medicine, Tohoku University, Sendai) 


(Received for publication November 7, 1951) 
INTRODUCTION 


Hitherto, the descriptions on the course of the intrapontine facial 
nerve have been all too schematic. Namely, it has been considered that 
the fibres originating in the motor nucleus of the facial nerve constitute 
the first part, the genu and the second part of the intrapontine facial nerve, 
partly encircling the nucleus of the abducens nerve. Concerning the 
characteristic course of the intrapontine facial nerve there is the famous 
theory of neurobiotaxis (Kappers),!) but, with due deference to this theory, 
still I had my doubt in view of the oversimplified and schematic descrip- 
tion of its characteristic course accepted hithertofore. 

In addition to this, there are many unreconciled studies and theories 
concerning the subjects of the decussation of the intrapontine facial nerve, 
the fibrous connections with the other nervous elements in the pons and 
the origin of the so-called upper facial nerve. 

Therefore, I made this study to settle these problems using materials 
obtained with Pal-carmine myelin sheath staining method on a series of 
adult human brain. 


EXPERIMENTAL 
Course of the Intrapontine Facial Nerve 


From the dorsal aspect of the motor nucleus of the facial nerve there 
emerges a large number of fibres derived from the nucleus, directed rostro- 
dorso-medially to reach ventrocaudally the nucleus of the abducens nerve. 
These bundles of fibres constitute the first part of the facial nerve. The 
fibres turn sharply medialward and are assembled into a compact strand 
of longitudinal fibres. This strand ascends along the medial side of the 
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abducens nucleus dorsal to the medial longitudinal fasciculus for a con- 
siderable distance, producing an elevation, colliculus facialis, in the rhom- 
boid fossa, and then turns sharply lateralward around the nucleus of the 
abducens nerve. This bend around the abducens nucleus, including the 
longitudinal part of the facial nerve, is known as the genu. The second 
part of the root of the facial nerve is directed ventrolaterally and at the 
same time somewhat caudally, passing close to the lateral side of its own 
nucleus, to make its exit from the lateral part of the caudal border of the 
pons. The above described course is the one described hitherto in almost 
all textbooks. 

According to my study, however, the pathway of the fibres of the facial 
nerve is not so simple and schematic as described above, but much more 
complicated. That is to say, there is indeed a considerable number of 
fibres passing the course described above, but also at least as many of them 
following one of various different pathways, the more prominent being the 
following four: 

1. Some fibres, upon emerging from the facial nucleus, do not run 
dorso-medially to the abducens nucleus, but at points far off ventrocaudally 
from the abducens nucleus, turn away medialward from the typical course 
to assemble into the longitudinal part of the genu. 

2. <A group of fibres, numerically the largest, runs along the first 
part of the typical course, but midways changes the course to pass close 
to the abducens nucleus on the dorsal or ventral side or to pass right 
through the abducens nucleus and assembles into the medial portion of 
the longitudinal part of the genu. 

3. Some fibres again pass the ventral side of the abducens nucleus 
and enter the genu at its rostral part. 

4. And finally, some of the fibres never pass through the genu in 
their entire course, but pass the abducens nucleus laterally, thus passing 
from the first part of the facial nerve directly into the second part thereof. 

Thus, it may be seen, the fibres of the intrapontine facial nerve do 
not all take the schematic and simple course that runs as if embracing the 
abducens nucleus, cortstituting its first part, the genu and the second part, 
but passing through or over all the sides of the abducens nucleus in various 
directions, completely surround the abducens nucleus in a complicated 
manner (Fig. 1). 

By the way, the anatomical relation between the abducens nucleus 
and the course of the intrapontine facial nerve is different by different 
kinds of animals. Some day, I may have occasion to report on the com- 
parative study of the anatomical relation stated above. 
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On the Decussation of the Root of the Facial Nerve 


Whether a part of the fibres of the intrapontine facial nerve decussates 
or not at the rhaphe has been an interesting subject by many authors. 
Flatau,*) Bary,®) Bok and Mayer admit partial decussation, but Duval,* 
Bregmann, Bischoff and Yagita negate it. However, most of their studies 
were degeneration experiments on animals and only a few have been 
conducted on human brain. 

According to my study on man, partial decussation of the facial nerve 
can be seen very evidently and it admits of no doubt. However, the de- 
cussation can be seen only at the middle portion of the longitudinal part 
of the genu in considerable amount, and not at all at near the both rostral 
and caudal parts of the longitudinal part of the genu. The crossed fibres 
run into the complicated reticular formation of the other side. There- 
fore, though it could not be pursued to the second part of the other side, 
there is no doubt that the fibres belong to the facial nerve, as they emerge 
from the genu and have no connection whatever with the other nervous 
elements. 

Now, in the Fig. 2 we can see an eminent bundle of fibres passing 
over the rhaphe from the genu of the left side to the right side, yet in this 

Fig: 1 Fig. 2 
G 














Fig. 1. Nerve fibres surrounding the abducens nucleus A. F. facial 
nucleus; T trapezoid body; P,, Pp and G first part, second part and genu of 
facial nerve; a abducens nerve; Ufso-called upper facial nerve? Transversal 
section of pons in human adult, Pal-carmine staining, low power view. 

Fig. 2. Decussating fibres from the genu G to the other side. Lm medial 
longitudinal fasciculus. Transversal section of pons in human adult, Pal- 
carmine staining, low power view. 
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slide no fibre appeared that started from the genu of the right side to 
enter the left side. 

This is due to an asymmetry of the development and the position of the 
facial nucleus as can often be seen in many other nuclei. Also in this 
material, in response to the asymmetry the development of the facial 
nucleus and the amount of the crossing fibres of both sides are not the 
same even on the same slide. 


Relation with the Trapezoid Body 


Bregmann®) observed in 1892 degenerated fibres in the trapezoid 
body, when he plucked off the peripheral facial nerve, while Kélliker,® on 
the other hand, wrote in his book that the facial nucleus connects with 
the trapezoid body. 

The connection of the trapezoid body, that belongs to the auditory 
pathway, with the facial nucleus can be supposed also physiologically as 
a reflex arc of the movement of the facial muscles against the sound stimula- 
tion. 

In the course of my study, as expected, I could see many fibres that 
run into the facial nucleus from the trapezoid body (Fig. 3). These fibres 





Fig. 3. Nerve fibres from the trapezoid body T entering the facial nucleus 
F. Spt spinal tract of trigeminal nerve; P, second part of facial nerve. Trans- 
versal section of pons in human adult, Pal-carmine staining, low power view. 


appear most eminently, at the middle portion of the facial nucleus, that is 
to say, at the portion where the facial nucleus is most remarkably developed 
and where the fibres are assembled into a bundle, while at the rostral and 
caudal parts, such fibres are never found. 

The fibres entering the facial nucleus are implicated with the intra- 
nuclear nerve fibres and end buried in the neuroglia tissue in the nucleus. 
I studied those endings in the nucleus in detail by means of silver impreg- 
nation. I hope I may have occasion to report on this study in the future. 
As mentioned above, the connection between the trapezoid body and the 
racial nucleus may be a reflex arc. 
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to By the way, I could not see any fibre that runs into the bundle of the 
facial nerve itself from the trapezoid body. Though it is extremely dif- 

he ficult to trace all fibres issuing from the trapezoid body to their last ex- 

his tremities, according to my observation there is found no fibre at all that 

ial runs directly into the second part of the facial nerve. 

he 


; Relation with the Abducens Nerve 


Whether the fibres deriving from the abducens nucleus join the in- 
trapontine facial nerve or not is a problem that has not yet been satisfac- 


id torily clarified. Duval and Schwalbe”) assert that a part of the fibres 

on deriving from the abducens nucleus joins the facial nerve at its genu. On 

th the contrary, Gowers,®) Gudden, Obersteiner, Stieda, Bregmann®) and 
Flatau?) negate this view. 

ry According to my observation, a part of the fine fibres derived from 

aS the abducens nucleus seems, directed lateralward, to be assembled into the 

a- second part of the facial nerve (Fig. 4). Some of them join a so complicated 
reticular formation that it is very difficult to pursue them to their last 

at extremities, but most of them seem to join the second part. 
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Fig. 4. Fibres originating in the lateral portion of the abducens nucleus 
| ; joining the facial nerve. F facial nucleus; A abducens nucleus; af fibres 
originating in the lateral portion of the abducens nucleus; G and Pz, genu 
and second part of facial nerve; a abducens nerve. Transversal section of 
pons in human adult, Pal-carmine, low power. 


, Now, the fibres that join the second part originate in the lateral 
| portion of the abducens nucleus, that is to say, the fibres derived from the 
; medial portion of the abducens nucleus are directed medialward to con- 
stitute the abducens nerve, but the fibres originating in the lateral portion 
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of the nucleus, directed lateralward, are assembled into the facial nerve. 
Though I could not pursue all of them to their extremities, there could 
never be seen fibres that ran once lateralward and then bent again medial- 
ward to join the abducens nerve. Essentially, the abducens nucleus does 
not form the subgroups of the medial and lateral portion, however, the 
above observation shows that the medial and lateral portion of the ab- 
ducens nucleus can be considered to have mutually different meanings. 


Relation with the Spinal Tract of the Trigeminal Nerve 


KGlliker® says in his book that the facial nucleus connects with the 
spinal tract of the trigeminal nerve. According to Bary,*®) on the other 
hand, some sensory fibres originating in the trigeminal nerve join the facial 
nerve itself of the same side, that is to say, there are mixed some sensory 
fibres in the facial nerve that is deemed to be exclusively motorial, and this 
explains the fact that on the occasion of the facial paralysis there develops, 
at the same time, some sensory disturbances. Clinical report of Mitschel 
and Keen confirms the fact. 

In my observation, I could not find any fibres that join directly the 
facial nerve itself from the spinal tract of the trigeminal nerve, but some 
fibres join the facial nucleus (Fig. 5). These fibres do not emerge from 





Fig. 5. Spf Fibres derived from the spinal tract of trigeminal nerve Spt 
and entering the facial nucleus F. T trapezoid body. Transversal section of 
pons in human adult, Pal-carmine, low power. 


the full extent of the spinal tract of the trigeminal nerve, but are restricted 
to a part of the tract. Therefore, my view is in accord with Kélliker’s 
and I think that the connection between the two nervous elements may 
also constitute a reflex arc. 
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Relation with the Dorsal Longitudinal Fasciculus 
(Schutz’s Bundle) 


The dorsal longitudinal fasciculus, regarded recently as vegetative, is 
a bundle of very fine fibres that run longitudinally the floor of the fourth 
ventricle. 

According to my study, there can be seen very fine fibres, though a few, 
that run ventrolaterally from the dorsal longitudinal fasciculus to join the 
second part of the facial nerve (Fig. 6). But they do not emerge from the 
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Fig. 6. Connection between the dorsal longitudinal fasciculus Ld and 
the second part of facial nerve P,. Aabducens nucleus; Ggenu. Transversal 
section of pons in human adult, Pal-carmine, low power. 


full extent of the series, but are restricted to a part of the middle portion 
of the fasciculus. Up to now, the fate of the dorsal longitudinal fasiculus 
has been scarcely yet clarified, so the fact that some fibres joining the facial 
nerve have been found is very interesting. However, I could not clarify 
whether the fibres, joining the facial nerve, separate after running for a 
while with the second part or not from the facial nerve before they make 
their exit from the brain stem. 


Origin of the So-called Upper Facial Nerve 


The origin of the nerve branch, the so-called upper facial nerve that 
innervates mm. frontalis and orbicularis oculi, concerning its characteristic 
behaviour on the occasion of central paralysis of the facial nerve, has been 
a most interesting object for many authors. Since Mendel® published 
his view in 1887, that the so-called upper facial nerve does not derive from 
the facial nucleus, but from the nucleus of the oculomotor nerve, and 
descending through the medial longitudinal fasciculus, joins the genu of 
the intrapontine facial nerve, many authors have paid their attentions to 
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this object. Tooth and Turner! agree with Mendel, but Marinesco,!) 
Parhon, Yagita, Bregmann,®) Bary,®) Flatau?) and Kotelewsky assert that 
the so-called upper facial nerve, too, originates in a portion of the facial 
nucleus. Duval and Schwalbe,” too, are in accord with them in negating 
the theory of Mendel except to assert that the so-called upper facial nerve 
originates in the abducens nucleus. However, Gowers® reported it origin- 
ated in the nucleus of the hypoglossal nerve. 

Whether the fibres derived from the lateral portion of the abducens 
nucleus and joining the second part of the facial nerve according to my 
view, are identical or not with the Duval’s so-called upper facial nerve, 
cannot be certified by my non-experimental study. However, some ob- 
servations that seem to prove Mendel’s theory can also be seen. Namely, 
in my series there can be seen a bundle of longitudinal fibres, close to the 
dorsal side of the medial longitudinal fasciculus at the floor of the fourth 
ventricle on both sides of the rhaphe between the portion where the genu 
develops most remarkably and the rostral part of it (Fig 7). The fibres, 
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Fig. 7. Uf so-called upper facial nerve ? G genu of facial nerve; Lm 
medial longitudinal fasciculus; A abducens nucleus. Transversal section of 
pons in human adult, Pal-carmine, low power. 


separated from this bundle of fibres, run into the genu or the second part 
of the facial nerve of the same side. On the analogy of the relation with 
the facial nerve this bundle may be supposed to be the Mendel’s so-called 
upper facial nerve. Namely, it is supposed that the budnle, derived from 
the nucleus of the oculomotor nerve, descends at first through the medial 
longitudinal fasciculus and then at the level where the facial nucleus 
appears, it separates from the medial longitudinal fasciculus dorsal to it 
to run isolated for a while, and, as above mentioned, to join the genu or 
the second part of the same side. Otherwise, the existence of such a con- 
siderably remarkable bundle of longitudinal fibres can not be considered. 
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SUMMARY 


1. The fibres of the intrapontine facial nerve do not only take the 
schematic course—the so-called first part, genu and second part, as hither- 
to said, but passing through or passing over all the sides of the abducens 
nucleus in various directions, surround the abducens nucleus and then 
assemble into the second part. 

2. A part of the fibres of the facial nerve decussates at the genu. 

3. Some of the fibres derived from the trapezoid body end in the 
motor nucleus of the facial nerve. 

4. Some of the fibres derived from the lateral portion of the abducens 
nucleus seem to join the second part of the facial nerve. 

5. Some of the fibres derived from the spinal tract of the trigeminal 
nerve end in the motor nucleus of the facial nerve. 

6. A part of the fibres of the dorsal longitudinal fasciculus (Schutz’s 
bundle) seems to join the second part of the facial nerve. 

7. The Mendel’s so-called upper facial nerve, originating in the 
nucleus of the oculomotor nerve, can be seen in my observation, too. 
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